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EXECUTIVE SUMMARY 


Dillon Consulting Limited (Dillon) was retained by the City of Hamilton (City) to undertake remedial 
works at the former Rennie Street Landfill site in Hamilton. The objective of the remedial works is 
to prevent the discharge of contaminants from the site. This report documents the results of the 
environmental investigations that have been undertaken to identify where and how waste has been 
deposited at the site, the types of contaminants present in the waste, and potential migration pathways 
for these contaminants. Based on the findings from these investigations, requirements for the 
remedial works were developed, alternatives for these remedial works identified and evaluated, and 
the preferred option for a cost-effective, long-term solution to prevent the discharge of contaminants 
from the site selected. The preferred solution and the interim controls that have been implemented 
until the long-term solution can be implemented. 


The Rennie Street Landfill is an old City “dump”. It was not registered with the Ministry of the 
Environment (MOE) as a waste disposal site and therefore little information is available on the 
quantities and types of wastes that were dumped at the site. Dumping at the site appears to have 
started in the 1950s and is assumed to have continued until the Public Works Yard was established 
at the site in the mid 1960s. 


The landfill contains approximately 400,000 m* of waste and was created by filling in the floodplain 
of Red Hill Creek. The eastern slope of the landfill forms the west bank of Red Hill Creek. Bank 
erosion, up to about 0.3 m/year at some locations, is occurring along the landfill slope. Although 
there is no imminent risk of the slope collapsing, the erosion will at some point in the future lead to 
bank failure into the creek. 


Most of the waste in the landfill is non-hazardous. However, polychlorinated biphenyls (PCBs) have 
been detected in some samples at concentrations exceeding 50 mg/kg, indicating that some of the 
waste would be classified as hazardous waste. The highest PCB concentrations appear to be 
associated with an oily product that floats on the leachate in the landfill. The leachate is being 
expressed as seeps along the west bank of Red Hill Creek and the PCB-contaminated oil has 
contaminated the bank soils. 


Based on the results of the environmental investigations and an evaluation of alternatives, the 
recommended remedial actions for the site are: 


° control leachate generation by placing a low-permeability cover on the landfill and 
collecting groundwater before it enters the landfill, 


° collect leachate that seeps through the bank in a horizontal collector, and 


° prevent erosion by expanding the floodplain and relocating the creek away from the 
landfill in a naturalized channel. 


Due to the magnitude and potential impacts of the remedial works required at the former Rennie 
Street Landfill and the fact that they are subject to a Federal Environmental Screening under the 
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Canadian Environmental Assessment Act, these works cannot be completed before the summer of 
2001. Inthe interim, a number of controls are being implemented to minimize discharges to Red Hill 
Creek until the permanent solution can be implemented. These interim controls include: 


° the installation of silt fences and absorbent boom/pads at all identified seeps to prevent 
discharge of oily product and contaminated soils into the creek, 


° daily inspections of the silt fences and absorbent booms/pads and repair as needed, 


° daily inspection of the west bank of Red Hill Creek and installation of new silt fences 
and absorbent booms/pads as_ new seeps are identified, and 


° installation of localized leachate collectors at two of the most severe seepage location 
along the west bank to collect most of the leachate discharged at these locations. In 
July and August, approximately 45,000 litres of leachate was intercepted at the 
collectors and shipped off-site for disposal. 


A plan to plug buried storm sewers that discharge to the creek has been developed and will be 
implemented in the next couple of months, subject to receipt of regulatory approvals. As well, the 
City is in the process of removing road construction and maintenance materials that are stored on the 
site so that a low-permeability cover can be placed on the landfill in the next few months. 


Action Schedule 
Construct localized collectors into the west bank of the creek: 
~ at seeps S4-S20 at the south end of the site June 2000 
_ at seep S19 at the north end of the site July 2000 
Evaluate the effectiveness of these trenches and extend to other June — October 2000 


seep areas, if effective 


Confirm the feasibility of installing a groundwater cut-off June — October 2000 
trench on the west side of the landfill 

Design and install low-permeability cover June — December 2000 
Re-locate buried utilities through Rennie Street Landfill and June — September 2000 


plug and cut off existing pipes where possible 
If feasible, install temporary erosion protection in creek June — September 2000 
Install passive gas barrier November — December 2000 


Expand floodplain and relocate the creek: 
= complete the design and Environmental Assessment June — December 2000 
~ construction Contingent Upon Approvals 
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1.0 INTRODUCTION 
Ll Purpose and Objective 


Dillon Consulting Limited (Dillon) was retained by the City of Hamilton (City) to undertake remedial 
works at the former Rennie Street Landfill site in Hamilton. The objective of the remedial works is 
to prevent the discharge of contaminants from the site. To do this, it is necessary to identify the types 
of contaminants present at the site, the pathways by which these contaminants may leave the site and 
to identify ways of eliminating these pathways. 


The purpose of this report is to document the results of the environmental investigations that have 
been undertaken to identify where and how waste has been deposited at the site, the types of 
contaminants present in the waste, and potential migration pathways for these contaminants. Based 
on the findings from these investigations, requirements for the remedial works were developed. 
Options for these remedial works were identified were and evaluated. This report documents this 
evaluation and describes the preferred option for a cost-effective, long-term solution to prevent the 
discharge of contaminants from the site. 


| aes Site Description and Background 


The former Rennie Street Landfill is currently occupied by the City of Hamilton’s Brampton Street 
Public Works Yard, located at 2200 Brampton Street in the east end of Hamilton. This location is 
indicated on Figure 1. 


Lands surrounding the site have mixed use. Immediately north is the closed Brampton Street Landfill, 
which is owned and monitored by the Region of Hamilton-Wentworth, and the Region’s Woodward 
Avenue Water and Sewage Treatment Plants. Along the west side of the site are residential 
properties on Waterloo Street, and industrial properties on Rennie Street. The south end is bounded 
by a railway line which was constructed in the late 1800s. The landfill is adjacent to Red Hill Creek 
to the east. Beyond Red Hill Creek, land use is industrial and includes a bus manufacturing facility 
and automobile scrap yards. 


The Public Works Yard has been active at the site since about the mid 1960s. A railway spur, used 
to transport chlorine to the water treatment plant, extends north-south, approximately through the 
middle of the site. There are a number of buildings on the west side of the site associated with the 
Public Works Yard, including a salt dome used to store road salt, a one storey office building and 
several equipment sheds and maintenance garages. The site is used for vehicle parking and storage 
of road maintenance materials, such as crushed concrete, street sweepings, etc. These materials are 
generally stored on the east side of the railway spur. 


The Rennie Street Landfill is an old City “dump”. It was not registered with the Ministry of the 
Environment (MOE) as a waste disposal site and therefore little information is available on the 
quantities and types of wastes that were dumped at the site. Based ona review of historical aerial 
photographs, dumping at the site appears to have started in the 1950s and is assumed to have 
continued until the Public Works Yard was established at the site in the mid 1960s. 
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The landfill is adjacent to the Red Hill Creek and was generally formed by dumping waste into the 
floodplain of the creek. Based on the reports from local residents and later confirmed by engineering 
drawings from the City of Hamilton, there were two ravines on the site, to the west of the railway 
spur, that have been filled in with fill materials and/or waste. 


In November of 1999 the Ministry of the Environment (MOE) issued a Field Order to the City 
requiring that the City identify contaminants in the landfill and how these contaminants are leaving 
the site. Also under the field order, off-site impacts are to be identified and cleaned up. 


| I 3 Status of the Remedial Works 


Due to the magnitude and potential impacts of tne remedial works required at the former Rennie 
Street Landfill and the fact that they are subject to a Federal Environmental Screening under the 
Canadian Environmental Assessment Act, these works cannot be completed before the summer of 
2001. In the interim, a number of controls are being implemented to minimize discharges to Red Hill 
Creek until the permanent solution can be implemented. These interim controls include: 


¢ the installation of silt fences and absorbent boom/pads at all identified seeps to prevent 
discharge of oily product and contaminated soils into the creek, 


¢ daily inspections of the silt fences and absorbent booms/pads and repair as needed, 


¢ daily inspection of the west bank of Red Hill Creek and installation of new silt fences and 
absorbent booms/pads as new seeps are identified, and 


* installation of localized leachate collectors at two of the most severe seepage location 
along the west bank to collect most of the leachate discharged at these locations. 


A plan to plug storm sewers utilities that discharge to the creek has been developed and will be 
implemented in the next couple of months, subject to receipt of regulatory approvals. As well, the 
City is in the process of removing road construction and maintenance materials that are stored on the 
site so that a low-permeability cover can be placed on the landfill in the next few months. 


Data collection and assessment for the Federal Environmental Screening is underway. One of the key 
components of this screening is the need to identify potential adverse environmental effects, propose 
measures to address the effects and consider whether or not the residual effects are significant. 


A conceptual design for the remedial works has been prepared and is described in this report. Detailed 
design is underway. 


1.4 Organization of the Report 
The report is presented in seven sections, of which this Introduction is the first. The environmental 


investigations are described in Sections 2 and 3. A summary of the conclusions of these 
investigations is presented in Section 4. Section 5S describes the remedial actions that have been 
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implemented as interim controls, an evaluation of options for long-term solutions, and preferred long- 
term solution. Section 6 is a discussion on the limitations inherent in investigations of this nature. 
A listing of reference materials related to the Rennie Street Landfill is included in Section 7. 
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2.0 METHODOLOGY 
The environmental investigations at the Rennie Street Landfill involved six main activities: 


* test pit excavation 

e dniling of boreholes and installation of monitoring and pumping wells, 
¢ soil and groundwater sampling, 

* subsurface gas survey, 

* geophysical surveying, and 

* surface water, outfall, seep and sediment sampling. 


The methodology of each of these activities is discussed below and the results are discussed in 
Section 3. 


2.1 Test Pit Excavation 


Thirty-eight (38) test pits were excavated to investigate the Rennie Street Landfill. The test pits were 
generally located across the western half of the City of Hamilton Public Works yard with the 
exception of TP3 and TP38, which are located in the south-east and north-east portions of the 
landfill, respectively. These test pits were excavated to determine the extent of the present waste fill, 
depth to bedrock and geology in this area and to aid in the interpretation of the geophysical survey 
(see Section 2.4). 


The locations of these test pits (TP1 to TP38, inciusive) are shown on Figure 2 (back pocket). Test 
pit logs describing the subsurface conditions encountered are included in Appendix A 


The depth of the test pits ranged from 0.15 metres below ground surface ("mbgs") at TP6 and TP7 
to 4.3 mbgs at TP20, TP28, TP31 and TP36. Test pits TP6 and TP7 were only excavated to a depth 
of 0.15 mbgs due to the presence of concrete which was interpreted to be a former building 
foundation Actotalvot 12 test pits (TP 1, TPs0Ps.) TPO. IP25e 1 P27, TP29 1 P30) 1 P32, 1P34, 
TP35, and TP37) were terminated in shale bedrock or at the bedrock surface. All of the remaining 
test pits were terminated above the bedrock surface. 


pay? Drilling and Monitor Completion 


To date, Dillon has completed boreholes at fifty (50) locations within the landfill and another three 
(3) boreholes were completed off-site on Hamilton Street Pallet Company site at 822 Rennie Street. 
Boreholes were drilled to determine the vertical extent of the present waste fill, depth to bedrock, 
geology and hydrogeology in this area, and, to investigate the presence of combustible gases along 
the western edge of the landfill. The locations of all of these investigative locations are shown on 
Figure 2. The borehole and groundwater monitor completion details are summarized on Table A-1 
in Appendix A. Appendix A also contains borehole logs which include detailed information on 
stratigraphy and monitoring well installation. 
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Seven (7) boreholes were completed as gas monitoring wells (GW1 to GW7, inclusive). Twenty-nine 
(29) were completed as groundwater monitoring wells (designated as “MW’’). One borehole (PW6- 1) 
was completed as a pumping well (designated as “PW”). The remaining thirteen (13) boreholes 
(“BH” series) were backfilled with drill cuttings and a surface seal of bentonite (an expanding clay 
product). Five of the on-site monitoring locations were completed as multi-level installations with 
monitoring wells at different horizons, these are indicated by an “A” or “B” suffix on the monitoring 
well designation. The “A” suffix (e.g. MW6-49A) indicates the upper horizon that is monitored and 
conversely the “B” suffix (e.g. MW6-49B) indicates the lower horizon. The “A” and “B” monitoring 
wells in each monitoring pair were completed in adjacent boreholes. 


2.2.1 Borehole Drilling and Soil Sampling 


The boreholes were completed between September 22, 1997 and July 11, 2000, as part of several 
different investigations. The majority were drilled by Atcost Soil Drilling Inc. using a truck mounted 
CME 75 drill rig and 22 cm diameter hollow stem augers. Atcost Soil Drilling Inc. also completed 
the pumping well (PW6-1) using the CME 75 drill ng and 26 cm diameter hollow stem augers. 
Selected boreholes (MW6-51A/B to M“W6-57, MW6-63 to MW6-65 and GW-7, inclusive) were 
completed by Sonic Soil Sampling using a Pionjar 120 system percussion method due to access 
problems. 


All soil sampling was performed using the split spoon method, except for PW6-1 and GW1 to GW6, 
inclusive. PW6-1 and the six gas monitoring wells were logged by observing the drill cuttings. The 
split spoon method allowed a 0.04 m diameter, soil core to be obtained at different depth intervals 
in each borehole. The split spoon sampler was advanced through undisturbed material for either 0.6 
m per sampling run or to spoon refusal. The split spoon sampler was then withdrawn and the sample 
recovered. Soil samples were logged on-site for texture, colour, grain size, presence of fractures and 
visual or olfactory signs of contamination. 


At MW6-49B and MWS-58B, the hollow stem augering technique was used until refusal was reached 
(depths of 5.9 and 4.6 mbgs, respectively) below this depth rock coring methods were used. The rock 
core was logged on-site for texture, colour, presence of fractures and visual or olfactory signs of 
contamination. 


The soil and rock sampling equipment was washed in detergent and rinsed in tap water between each 
sampling run. The augers and all sampling equipment were washed using a high pressure washer with 
tap water following completion of each borehole. 


Where no monitoring well was installed, drill cuttings were used to backfill the borehole to about 0.5 
m below grade and sealed at the surface with bentonite pellets. 


2.2.2. Gas Monitoring Well Installation 


Gas monitoring wells were installed in boreholes GW1 to GW7, inclusive. Upon completion of these 
boreholes a flush threaded PVC riser pipe connected tol0 slot, PVC screen was run into the hole. 
The screen lengths are shown on Table A-1, Appendix A. Washed No. 3 silica sand was poured 
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around the screen to form a filter pack and a bentonite seal was placed just above the filter pack to 
just below grade. The monitoring wells had either flush mounted steel casings or above ground steel 
casings installed for protection. 


As previously mentioned, the gas monitoring wells (GW-1 to GW-6, inclusive) were logged from 
observing the drill cuttings. It is possible that the use of this logging technique at these locations may 
have resulted in the strata not being accurate (e.g. the difference in the reported logs from GW-6 and 
TP16). This problem is due to the difficulty in differentiating materials from drill cuttings. 


2.2.3 Groundwater Monitoring Well Installation 


Groundwater monitoring wells were installed in the “MW” series of boreholes. Upon completion of 
a borehole by augering, Schedule 40 flush threaded PVC riser pipe was run into the hole with a length 
of No. 10 slot PVC screen. The length of the screen varied from 1.52 to 3.05 m. A washed No. 3 
silica sand was placed around the screen to form a filter pack, followed by bentonite gravel holeplug 
to form a seal from above the filter pack. The monitoring wells had either flush mounted steel casings 
or above ground steel casings installed for protection. For monitoring wells completed using the 
Pionjar 120 system, sand pack and/or seal was not always possible due to slumping. 


Measurements of the static water level in these monitoring wells were collected to determine the 
direction of groundwater flow. Water level measurements were made using an electric water level 
meter. Water level measurements were taken at several times during the investigations. The latest 
complete round of water levels were measured on July 19, 2000. At that time, an interface probe was 
used to estimate the thickness of any light non-aqueous phase product (““LNAPL”) or oily product 
on top of the water table. Water levels are summarized in Appendix B. 


Single well (slug) testing was conducted on selected monitoring wells between October 13, 1998 and 
May 25, 2000. These tests generally involved adding a known volume of water to the well and 
monitoring the change in the water level with time as it recovered to its pre-testing (static) level. The 
water level data and analyses from these tests are included as part of Appendix B. 


2.2.4 Groundwater Pumping Test Well Installation 


The pumping test well, PW6-1, was completed using a slightly different technique from what was 
followed for the monitoring wells. As previously indicated, the borehole for the pumping well was 
drilled using 26 cm diameter hollow stem augers. Upon completion of this borehole, a 15.2 cm 
diameter, Schedule 40 flush threaded PVC riser pipe connected to a 6.1 metre long No. 10 slot PVC 
screen was installed in the borehole. A washed silica sand was placed around the screen to form a 
filter pack. A bentonite gravel holeplug seal was placed above the filter pack, the hole was then 
backfilled with drill cuttings to near surface. The well was finished with an above ground steel casing 
for protection. 


Pumping tests were conducted on this well during October 1999. The pumping test data and analyses 
are included as part of Appendix B. 
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2.3 Gas Surveying 


Combustible gas measurements were taken from the soil gas monitors on five occasions (October 13, 
1998, November 12, 1998, December 2, 1998, January 26, 1999, February 12, 1999 and July 19, 
2000). A combustible gas meter, calibrated to methane, was used for these measurements. At low 
concentrations, measurements were recorded as either a percentage of the lower explosive limit (% 
LEL) or for higher concentrations as the per cent gas by volume (% gas). The lower explosive limit 
for methane is 5% gas by volume (i.e., 100% LEL = 5% gas). The results of the combustible gas 
monitoring are summarized in ee: C 


Combustible gas measurements were also completed in the three on-site buildings within the Public 
Works Yard on three occasions: December 2, 1998, January 26, 1999 and February 12, 1999. A 
combustible gas survey of the homes bordering on the Rennie Street Landfill was also completed on 
December 14-18, 1998. The results of these measurements are included in Appendix C. 


Heath Consultants was retained to complete an assessment of the likely source of combustible gas 
detected in the subsurface underneath the Public Works Yard. This involved the collection of gas 
samples from two soil gas wells (GW3 and GW6), from a leachate well (MW6-44) (to provide a 
reference sample for landfill gas at the site) and from the Union Gas meter (to provide a reference 
sample of natural gas). Laboratory analysis of the gas samples was subsequently completed by gas 
chromatography. 


Heath Consultants also completed an assessment of subsurface gas along the western property 
boundary of the Works Yard. A 40-inch plunger bar and a GMI Gasurveyor 4 Combustible Gas 
Indicator were used in this assessment. Test holes were placed at three to four metre intervals along 
the west fence line adjacent to properties on Waterloo Street. Test holes were also placed at suspect 
vegetation locations along the west paving line of the property and at random locations of the grassed 
area. 


Interior inspections were also conducted at any potential penetration points in the foundations (e.g. 
any cracks or conduit entrance points) of three on-site buildings using a Heath DP II flame ionization 
detector. The Heath Consultants report is also included in Appendix C. 


2.4 Geophysical Surveying 


As part of the determination of the present limits of the present waste fill area, two geophysical 
surveys were conducted. For the first survey, Dillon retained Hyd-Eng Geophysics Incorporated 
(Hyd-Eng) to perform a surface geophysical of the northern portion of the Public Works Yard. The 
second geophysical survey was conducted by Dillon over the remaining southern portion of the 
Rennie Street Landfill. Both of these reports are included as Appendix D. 


Both geophysical surveys utilized a GEONICS EM-31. The EM-31 is a electromagnetic instrument 
which is used to measure the changes in the electrical conductivity of the near surface materials. 
Changes in the electrical conductivity of these near surface materials are used to imply changes in the 
either the natural materials and/or the presence of waste. Typically, landfill waste and the associated 
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leachate have significantly higher conductivities allowing for their delineation based on their electrical 
conductivity. Hyd-Eng used existing data from boreholes and test pits to determine representative 
electrical conductivities of the various units in the survey area. 


Hyd-Eng’s survey utilized the EM-31 in conjunction with a Tnmble Global Positioning System 
(GPS). The GPS system allows for the real time measurements of the location of a point. When the 
GPS system is used in conjunction with the EM-31 instrument it allows for the locations of the 
electromagnetic survey to be accurately plotted and identified contacts to be mapped across the 
survey area. The GPS system was not required for the second survey since the size and shape of the 
investigated area allowed for accurate piotting of the survey results. 


25 Soil/Waste and Groundwater Sampling 


Soil/waste and groundwater samples were collected from selected boreholes and groundwater 
monitoring wells. Soil/waste samples were obtained from boreholes at the intervals indicated on the 
borehole logs (Appendix A). These included samples of the overlying fill, the refuse contained in the 
Rennie Street Landfill and native materials. Selected soil/waste samples were submitted for laboratory 
analysis. Initial sampling was analyzed by Fine Analysis Laboratories Limited of Hamilton. 
Subsequent samples were analyzed by Philip Analytical Services of London. The results of these 
analyses are included in Appendix E. 


Groundwater samples were obtained from all of the monitoring wells installed during this study which 
had sufficient water at the time of the scheduled sampling. Groundwater sample was also collected 
from the one existing monitoring well (W101) that was previously installed by Golder Associates in 
1989. 


Groundwater samples were collected following development and purging of each of the monitoring 
wells. The purpose of well development was to remove remnant drilling effects and enhance the 
hydraulic connection between the well and the geologic formation in which it was installed. The 
purpose of purging was to ensure that water collected from a monitoring well was representative of 
ground water resident in that geologic formation and, hence, appropriate for chemical analysis. 
Development and purging consisted of manually pumping water from the well using a dedicated 
Waterra inertial pump. 


Well development and purging both involved the removal of a target volume of water from a well. 
This target is related to a "well volume", which represents the volume of water filling the screen and 
riser pipe when static water level was measured. A target of five well volumes was set for well 
development and purging since it prescribed the removal of a significant volume of water while 
remaining within the timeframe of the study. Sampling of groundwater was generally conducted 
using dedicated Waterra inertial pump system. 


Most of the groundwater sampling conducted to date were collected soon after the installation of the 
monitoring well. Although well development and purging were performed, some of these monitoring 
wells may not be yielding “representative” water quality within the timeframe of the study. In some 
cases (e.g. MW6-51A/B, MW6-52A/B and MW6-53A/B) poor response of these monitoring wells 
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did not allow for complete well development and purging prior to sampling. 
A summary of the groundwater samples collected is included in Appendix E. 
2.6 Surface Water, Outfall, Bank Soil and Seep Sampling 


Surface water, outfall, seep and bank soil sampling was conducted between October 13, 1998 and 
May 18, 2000. Surface water samples were taken from Red Hill Creek at two locations (shown on 
Figure 2), upstream of the Rennie Street Landfill at the railroad bridge (SW1) and downstream at the 
Brampton Street footbridge (SW5). The analytical results from this sampling are included in 
Appendix E. 


In addition to this surface water sampling, seepage meters (SP-1, SP-2 and SP-3) were temporarily 
established in the sediment of the creek on May 18, 2000. Seepage meters allow for groundwater 
flow through the sediments to be measured and sampling, if sufficient quantities of water are 
available. The flow at SP-2 was sampled and the results of these analyses are included in Appendix 
E. 


Five storm sewers (P1, P2, P3, P4 and P9) that have been identified to outfall or discharge in and 
around Rennie Street Landfill have been sampled. These are the only outfalls that have been observed 
to flow on a regular basis. Outfall sampling was conducted between October 1998 and May 2000. 
Initial samples from P3 and P4 were collected from depressions near storm sewer outfalls to replicate 
sampling conducted by the MOE. P2, P3 and P9 were sampled in May 2000 at which time no flow 
was observed at Pl or P7. The sample that was collected the outfall at P9 was collected at SW6 and 
therefore this sample contains both storm sewer effluent and water from a small tributary that comes 
from Brampton Street Landfill. The analytical results from this sampling are included in Appendix 
Sy 


Seep water samples were collected from ten selected seeps in May 2000. These samples were 
collected by excavating a small depression as close as possible to the seep and waiting for it top fill 
with water. The sampled seeps were selected to represent “worst case” conditions and/or areas of 
higher flow. These samples were not filtered and therefore they would be expected to contain 
particulate matter that may be expected to positively bias (i.e. produce a higher result) the analytical 
results. The analytical results from this sampling are included in Appendix E. 
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3.0 RESULTS 
3.1 Geology 


The study area is located in the Iroquois Plain physiographic region as defined by Chapman and 
Putnam (1984). The Iroquois Plain physiographic region consists primarily of the lowlands bordering 
Lake Ontano. The sediments in this physiographic region were deposited as the last glaciers receded 
and the area was inundated by the former Lake Iroquois. Reportedly, Halton Till is exposed at 
surface in this area (Freenstra, 1975). The Halton Till is generally reddish-brown, clayey silt to clay 
till that in this area was later undulated by Lake Iroquois. Lacustrine or lake sediments that are 
associated with Lake Iroquois are exposed at surface to the north of the study area. In the Red Hill 
Creek valley these sediments have been eroded away and stream deposits including clay, silt with 
some sand and gravel have been deposited. 


Boreholes drilled in the Rennie Street Landfill generally revealed a stratigraphy consisting of a 
relatively thin layer of recent fill material, overlying either refuse/waste or silty clay till. These units 
are in turn underlain by shale bedrock. Geological cross-sections are shown on Figure 3 to 7, 
inclusive, and the locations of these cross sections are shown on Figure 2. Each of these units are 
discussed in greater detail below. 


The fill unit is generally the uppermost unit in the area of the Public Works Yard with the 
approximate western limit of fill near the western property boundary, but it is absent at TP30, MW6- 
36 and M“W6-64 and only 0.5 metres of fill present at MW6-65 (Figure 2). Fill is also absent along 
the creek at MW6-51, MW6-52 and M“W6-53 and MW6-57. At one location (MW6-25) fill was also 
observed to be present within the refuse/waste. The surficial fill unit was found to vary in 
composition from a brown silty clay with some gravel to a brown poorly sorted, sand and gravel but 
generally it was a silty sand and gravel. At several locations the composition of this unit consisted 
of a brown sandy material which is consistent with street sweepings. Occasional concrete, asphalt, 
brick, possible slag and other debris were encountered throughout this unit during the dnilling of these 
boreholes and is visible on the eastern bank of the landfill. At TP2, a 2.3 m thick layer of clay fill was 
observed to contain debris and also a 0.05 m thickness of salt which is believed to be associated with 
the present salt storage in this area. The fill unit is generally less than 2 metres in thickness except 
along eastern edge where a fill berm increases the thickness of this unit up to 6.0 metres at MW6-48. 
This unit generally does not have a discernible odour except at BH6-14 where a trace unknown odour 
was detected. 


The refuse/waste material is black, moist-saturated sand/silts/gravels and is highly odouriferous. It 
contains debris such as wood, glass, plastic, concrete, metal and paper. The majority of the 
refuse/waste material observed in the boreholes is consistent with a landfill containing domestic 
waste. There are verbal reports from local residents and indications that along the former north-south 
ravine (under the Public Works Yard) some industrial waste was disposed at this site (TP28, TP29, 
and TP31 to TP34, inclusive). The refuse/waste material ranged in thickness up to 11.3 m at MW6- 
44 The extent of the waste in plan view is shown on Figure 8 and profiles of its distribution are 
shown on the cross sections (Figures 3 to 7). Historical data indicates that the eastern portion of the 
site includes the former creek valley and that the original ground surface was at approximately 84 
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masl in the western portion of the site and that it dropped down to the valley floor at approximately 
76 masl just west of MW6-12 (the old cliffis also shown on Figure 8). The majority of the waste is 
contained within the former creek valley leaving the present creek as a small valley along the eastern 
edge of the former valley. In addition to the waste in the former creek valley, historical maps also 
indicate that there were two smaller ravines under the western portion of the site (Figure 8). The 
larger ravine ran north - south parallel to Waterloo Street within the Public Words Yard. This ravine 
appears to have been shallower near Rennie Street and deepened as it approaches Brampton Street 
where it attained a maximum depth of approximately 5 metres. The second ravine ran approximately 
east - west just north of Rennie Street, the maximum depth of this ravine appears to have been 
approximately 3 metres. The north-south ravine has been found to contain refuse/waste and fill but 
only fill has been observed at the southern end of this ravine and the eastern end of the east-west 
ravine. 


The silty clay unit that is underlying the refuse/waste is typically reddish brown, moist to saturated, 
and contains some gravel. The silty clay unit is variable in thickness across the area ranging in 
thickness from absent in one location in the north-south ravine (BH6-59) to 4.7 m (MW6-11). The 
silty clay is believed to represent native material probably resulting from weathering of the underlying 
Queenston Shale formation. In all of the boreholes except MW6-23 and MW6-59, the silty clay unit 
rests directly on shale bedrock. At MW6-23 there is a 0.6 m thick gravel unit between the silty clay 
and bedrock units. At MW6-59 where this silty clay unit is absent, the waste was observed to lie 
directly on the bedrock surface. 


The uppermost bedrock unit underlying the site is generally reported to consist of upper Ordovician 
Queenston Formation shale (OGS, 1991). The Queenston Formation is widespread in the area, and 
outcrops principally along the base of the Niagara Escarpment. Twenty-three boreholes (MW6-11, 
MW6-12, MW6-13, BH6-14, MW6-21, MW6-22, MW6-23, MW6-49, MW6-51, MW6-52, MW6- 
53, MW6-57, MW6-58, MW6-59, MW6-60, MW6-63, MW6-64, MW6-65, PM-BH1, PM-BH2, 
PM-BH3, PM-BH4 and W101) and twelve test pits (TP2, TPS, TP8, TP9, TP25, TP27, TP29, TP30, 
TP32, TP34, TP35 and TP37) completed on site encountered bedrock. This shale is brick-red in 
colour, thinly bedded, argillaceous shale. The upper portion of this shale was generally observed to 
be very weathered and generally consist of silty sand sized particles with some clay and gravel. This 
weathered portion was observed to vary from about 1.1 m (MW6-52 and MW6-58) to 2.8 m (MW6- 
49) thick and grade into the more competent shale, below. At two locations (W101 and TPS) a thin 
bed of limestone was reported near the top of the shale. 


The elevation of the top of the weathered shale is believed to vary from approximately 67 masl (PM- 
BH3) to about 83 masl (MW6-65 and GW-2). To date, the elevation of top of the shale under the 
western portion of the site under the Public Works Yard has been found to vary from about 78.5 masl 
(MW6-S9) in a former ravine to about 83 masl (MW6-65). The elevation of the top of the shale 
decreases rapidly in the area of the former cliff face (Figures 4, 5, 6 and 7) to between 67 — 71 masl. 
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a2 Hydrogeology 


Groundwater levels were measured on several occasions to establish groundwater flow directions. 
Water levels were collected between September 25, 1997 and July 19, 2000. Water level data are 
summarized in Appendix B. Figure 9 illustrates water level contours based on water levels recorded 
on July 19, 2000. Generally, the main horizontal groundwater flow direction in the shallow water 
table aquifer across the site is towards the Red Hill Creek in the overburden and waste. There are 
two areas in the overburden/waste groundwater flow system where there might be some variation in 
this general groundwater flow pattern: 


. adjacent to the 2.3 metre (90-inch) watermain that runs adjacent to the western property 
boundary, where shallow groundwater flow is towards this watermain, and, 


° in the northern portion of the site the north-south ravine appears to divert some shallow 
groundwater flow to the north. 


There is also one anomaly in the groundwater contours that was not shown on F igure 9, which is a 
groundwater low centred on MW6-44 (not contoured). The groundwater water level at MW6-44 
is 2.3 metres lower than the groundwater level at PW6-1. These wells are separated by only 8.3 
metres and both wells are open across similar intervals (waste). The exact cause of this groundwater 
low is not known but it may be due to the influence of the buried services (storm sewers and a water 
main) in this area, or, the complex stratigraphy and layering in the waste material. 


It should also be noted that during the spring and summer of 2000 that there have been several leaks 
in the water supply pipes to the Public Works Yard. These leaks were in the on-site water supply 
piping that ran under the access road near the office (near GW-4). They were fixed Just prior to the 
July 19, 2000 water level monitoring event. They may have been responsible for the observed 
groundwater high at GW-4 (Figure 9). 


Generally, groundwater/leachate elevations in the landfill east of the railroad siding are between 78 
and 80 masl (metres above sea level) and the elevation of Red Hill Creek is approximately 75 masl. 
The honzontal hydraulic gradients range from 0.01 across the former Rennie Street Landfill 
steepening to almost 0.2 near the creek. 


The horizontal groundwater flow direction in the shallow bedrock groundwater flow system across 
the site is also generally towards the Red Hill Creek. In the shallow bedrock aquifer the horizontal 
groundwater flow direction would be influenced by the direction and interconnection of any fracturing 
that is present. 


As previously indicated, there are seven functioning multi-level well installations on-site. Table 1 
indicates the vertical gradients at these locations that have been calculated between the midpoints of 
the screened intervals of these wells. 
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Table 1: Calculated Vertical Gradients 


Vertical Gradients **1 


Lower Screened 
Interval 


Upper Screened 
Interval 


Location 


May 15, 2000 July 19, 2000 


i 


SOs 


— 0.42 
Note **1— Positive numbers indicates an upward flow. Gradients are calculated by dividing the difference in 
the water levels at the two monitoring wells at this location by the distance between mid-points in 
these two wells. 
**2 — The water levels collected on this date from these locations are not believed to represent static or 
equilibnum conditions 


Table 1 indicates that vertical groundwater flow within the landfill and to the west (at MW6-49 and 
MW6-58) is downward through the waste. Along the creek, the shallow groundwater levels are very 
similar to the creek levels but vertical groundwater flow gradients in the shallow subsurface 1s 
generally downward from the overburden into the weathered shale except on May 15, 2000 at MW6- 
52 where these gradients are apparently reversed. Appendix B and Table | indicate that the water 
level in MW6-52A on this occasion was anomalously low. This is probably due to the low hydraulic 
conductivity of the clay material in this area (< 1 x 10% cm/sec) and the fact that this monitoring well 
had recently been completed, developed, purged and sampled and as a result did not have sufficient 
time to recovery to static conditions. 


The water level data collected on May 27, 2000 and July 19, 2000 (Appendix B) indicates that the 
shallow groundwater elevations at MW6-51A, MW6-52A and MW6-53A were similar to but 
generally slightly higher than the creek level, suggesting that the shallow groundwater would tend to 
flow into the creek. 


Three seepage meters (SP-1, SP-2 and SP-3) were installed in the sediment in the creek on May 18, 
2000, Groundwater was observed to be entering two of these seepage meters (SP-1 and SP-2), but 
no flow was observed into SP-3. The observed flows at SP-1 and SP-2 were approximately 0.01 L/hr 
and 0.04 L/hr, respectively. The water flowing into SP-2 was sampled (Section 3.4.3). 
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Hydraulic conductivity testing has been performed at several locations across the site. The data from 
these tests are included in Appendix B and are summarized on Table 2. 


Table 2: Hydraulic Conductivity Estimates 


Location Screened Interval Test Method Analysis Result 
Method (cm/sec) 
PWo-1 Waste 12-hour pumping test, early time Neuman 
12 hour pumping test, late time 
12 hour test, recovery data 


Neuman 

Theis - Jacob 
Weathered Shale Bouwer-Rice 
MW6-50 Silty Till Bouwer-Rice 


MW6-S1A Silty Sand /Silty Slug Test Bouwer-Rice 6.7 & 10" 
Clay 
MW6-52A Clay Slug Test Bouwer-Rice <1 Ox 10" 
ell | 


MW6-52B Weathered Shale Siug Test Hvorslev Ge x10, 


Silty Sand /Silty Slug Test Bouwer-Rice 
Clay 


MW6-53B Weathered Shale Slug Test Hvorslev 9.8 x 10° 


Notes: **1 - There was no observed recovery in the water level in this monitor during the 3.5 hour test duration. 


Observations made during the drilling of these boreholes through the waste suggest that 
groundwater/leachate appears to be ponding on top of the underlying clayey silt/silty clay layer. This 
would be due to the low hydraulic conductivity of the underlying material. This would be expected 
since the conductivity contrast between the waste and the silty clay unit is greater than two orders 
of magnitude. Groundwater levels suggest that there is between 3 m (BH6-21) to 7 m (BH6-43) of 
leachate ponded on top of the clayey silt unit. This variation in the amount of leachate ponded above 
the silty clay is likely due to the variability of the waste/refuse, the influence of the creek and the 
influence of several underground services that exist at the site. 


In summary, groundwater mainly enters the landfill through the infiltration of rainfall through the 
permeable fill cover with a much lesser amount flowing onto the site from the west. This 
groundwater predominately moves towards the east and becomes impacted by the waste in the 
landfill. This leachate-impacted groundwater then moves down through the waste until it encounters 


City of Hamilton Page 14 


Former Rennie Street Landfill August, 2000 
Dillon Consulting Limited 


the silty clay layer under the waste. Most of the groundwater then flows, along the top of this silty 
clay unit, easterly towards the creek eventually breaking out along the creek bank as seeps or flowing 
into the creek in the shallow subsurface. Some groundwater moves through the silty clay and/or 
through “windows” in this retarding layer (i.e. man-made holes such as along the watermain under 
the Red Hill Creek and potentially natural “windows” in this unit). Along the creek, the groundwater 
that is in the shallow overburden would flow to both the creek and into the deeper bedrock (shale) 
flow system. The groundwater in the shale would continue to flow in the bedrock eventually 
discharging into Lake Ontario. 


3.3 Limits of Waste 


The present area of waste was determined using information from the geophysics survey, test pits and 
boreholes. The estimated limits of waste are shown on Figure 8. Figure 8 indicates that there appear 
to be two areas of waste; the main area of landfilling and the north-south ravine. The main area of 
waste is east of the railroad spur and is coincident to the former top of bank (also shown on Figure 
8). The waste in the main area of the landfill resulted from the filling of the former creek valley. This 
method of placement has resulted in the main thickness of waste being near the Red Hill Creek (.e., 
east of the railway spur). Along the western edge of the main area of waste, the present surface is 
relatively flat and the waste pinches out. Along this edge, the observed waste generally has an 
overlying layer of fill which contains less putrescible debris such as wire, rubber, wood and concrete. 


Figure 8 shows that the southern limit of the main area of waste/refuse materials is near the CN 
embankment, near BH6-54 and BH6-55. It should be noted at this time that the CN railroad line that 
forms the southern limit of the site and its construction predates the emplacement of the waste at this 
site. The thickness of the waste in the main area near the southern limit quickly increases so that at 
monitoring well W101 there was three metres of waste (containing trace metals, plastic and glass) 
and at MW6-11, there were over 7 m of waste encountered. The eastern limit of the waste in the 
landfill area is adjacent to Red Hill Creek, this limit is very obvious due to the steep man-made bank 
along the creek. This steep bank is covered with fill containing concrete, asphalt and brick material 
along with soil and boulders. Based on the results of the geophysical survey, the northern limit of 
the main area of waste might be south of the Brampton Street right-of-way. Although at borehole 
BH6-56 almost two metres of waste was encountered before the borehole had to be terminated due 
to refusal (drilling technique could proceed any further). Along the southern portion of the western 
limit of waste the limit of waste extends off-site onto the eastern edge of the Hamilton Street Pallet 
Company site. Drilling at MW6-61 encountered approximately 3.8 metre of waste, starting ata depth 
of 2.3 metres below ground surface, but at MW6-60 no waste was encountered. GW-7 which is 
located in a small swale adjacent to the property line also encountered | metre of waste. 


The southern limit of waste in the ravine is on the Public Works Yard near Rennie Street. The 
eastern and western boundaries of this waste are believed to be along the former sides of this ravine, 
which is shown as the shaded are on Figure 8. The northern limit of waste in the ravine was not 
encountered and it may well extend into the Brampton Street Landfill to the north. 
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3.4 Soil, Waste and Groundwater/Leachate Analytical Results 


Samples of soil (fill and underlying soil), waste/refuse and groundwater/leachate were collected for 
chemical analyses. These results are summarized in Appendix F and are discussed in the following 
subsections. 


Analytical results from soil samples have been compared to the Ministry of the Environment (MOE) 
"Guideline for Use at Contaminated Sites in Ontario" (revised Feb. 1997) criteria for coarse-grained 
surface soils in a non-potable water condition (hereafter referred to as “Table B soil criteria” or 
“Table B_ soil criterion”). These soil samples are generally discussed in terms of the 
industrial/commercial land use criteria although the residential/parkland criteria are often mentioned. 
The waste/refuse samples are not considered to be soil and therefore the chemical concentrations 
were not compared to MOE's Table B soil criteria. 


Analytical results for groundwater/leachate samples were compared to the "Guideline for Use at 
Contaminated Sites in Ontario" (revised Feb. 1997) criteria for non-potable groundwater (hereafter 
referred to as the “Table B groundwater criteria” or “Table B groundwater criterion”). 
Groundwater/leachate analysis from monitoring wells installed in the refuse and surrounding areas 
were also compared to the Regional Municipality of Hamilton-Wentworth Sewer Use By-Law criteria 
for potential discharge of collected leachate to the Woodward Avenue Wastewater Treatment Plant. 


The analytical results from samples of surface water, storm sewer discharges (outfalls) and the water 
from the seeps have been compared to the MOE’s “Water Management: Policies, Guidelines, 
Provincial Water Quality Guidelines, last revised in July 1994 (hereafter referred to as the 
“PWQOs’). 


3.4.1 Soil Analytical Results 


Soil samples were taken from the native soils directly underlying the refuse material from boreholes 
MW6-11 (depth of 10.9m) and MW6-13 (depth of 12.7 m) and from MW6-60 (1.5 - 2.1 m), MW6- 
63 (0.1-0.6m) and MW6-64 (0.1-0.6m). These samples were analyzed for metals and general 
parameters (nitrogen, pH, conductivity, and sodium adsorption ratio - SAR) and PAHs. The samples 
from MW6-60, MW6-63 and MW6-64 were also analyzed for VOCs. The results are summarized 
in Tables E-1, E-2 and E-3 in Appendix E. Companson of the analytical results summarized on 
Tables E-1, E-2 and E-3 with criteria for a Table B soil criteria indicated that there were no 
parameters present in concentrations exceeding these criteria except for zinc. The zinc concentration 
in the sample from MW6-63 (0.1 to 0.6 m) was 1050 ug/g and the industrial/commercial criteria is 
600 ug/g. These results indicate that the native soils have not been significantly impacted by the 
landfilled waste. 


Soil samples were also collected of the native soil directly underlying waste at boreholes MW6-15, 
BH6-16, BH6-17, BH6-18, and BH6-19 where high polychlorinated biphenyls (PCBs) concentrations 
were found in the overlying waste samples. These soil samples and soil samples from the native 
materials at MW6-60, MW6-63 and MW6-64 were submitted for analyses of PCBs. The PCB 
results from these samples are summarized in Table E-4 in Appendix E. Except for the sample taken 
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from BH6-18, all PCB concentrations were less than the Table B soil criteria for 
industrial/commercial land use of 25 mg/kg. At BH6-18, the concentration of PCBs in the native soil 
under the waste was 7.48 mg/kg which exceeds the Table B soil criterion for residential/parkland land 
use of 5.0 mg/kg but as previously indicated it is well below the industrial/commercial land use 
criterion of 25 mg/kg. 


These results suggest that the native soils underlying the waste have not been significantly impacted 
by the on-site waste. 


3.4.2 Waste and Fill Analytical Results 


Samples of the waste and fill material encountered in boreholes and test pits were collected for 
chemical analysis. Waste samples from thirteen locations and fill samples from five locations were 
submitted for analyses of one or more of the following parameters; general and inorganic parameters, 
PAHs, VOCs and TPH, and, PCBs. The results of the analyses for inorganic parameters, and PAHs 
are summarized in Tables E-5 and E-6, in Appendix E, respectively. Waste and fill samples for VOCs 
and TPH analyses are submitted on Table E-7 and the analytical results are on Table E-8 (Appendix 
E). Table E-9 in Appendix E summarizes the results from waste classification analyses (Ontario 
Regulation 347) that were performed on four waste samples. 


All of the analytical results (Tables E-5 to Table E-8, inclusive) from the fill samples were less than 
Table B industrial/commercial criteria except for copper (MW6-62), lead (MW6-62) and zinc (MW6- 
62, TP 35, aand TP 34). The reported copper and lead concentrations in this sample at MW6-62 
from a depth of 0.76 - 1.37 m were 82,400 mg/kg and 28,400 mg/kg, respectively. These results are 
much higher than the Table B industrial/commercial criterion for copper and lead of 225 mg/kg and 
1,000 mg/kg, respectively. These results are thought to be due to the presence of these metals in the 
fill location. 


Tables E-5 and E-6 indicate that in the waste samples the concentrations of boron, lead and zinc were 
elevated. The reported zinc concentrations in these waste samples ranged up to 7560 mg/kg. The 
highest zinc concentration was reported in the sample from TP27, which is situated in the former 
north-south ravine, under the Public Works Yard. 


Table E-6 also shows that only low concentrations of some PAHs were detected in these waste and 
fill samples, generally just slightly above the method detection limit, but well below the Table B soil 
criteria for either type of land use. 


The TPH concentrations (Table E-7) were measured in four waste samples (MW6-59 (two samples), 
TP27 and TP36), all from the former north-south ravine. All of the TPH results from these waste 
samples were elevated. 


Table E-8 indicates that the reported concentration of PCBs in the waste samples is very variable 
ranging from less than the method detection limit (<0.01 mg/kg) to over 600 mg/kg. Six samples had 
PCB concentrations that exceeded the Table B industrial/commercial land use cleanup criterion of 
25 mg/kg ( BH6-14, MW6-14a, MW6-18 [2 samples], MW6-24 and MW6-42). However, in three 
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samples (MW6-14 from 7.6-9.8 mbgs, MW6-18 from 6-7.5 mbgs and MW6-18 from 7.6-9. mbgs) 
the concentration exceeded 50 mg/kg indicating that the waste would be classified as PCB containing 
hazardous waste, as defined under Ontario Regulation 347. 


Four samples were extracted in accordance with the Regulation 347 leachate extraction procedure 
and were analyzed for the metals included in Schedule 4 of this regulation. The analytical results, 
summarized in Table E-9 indicate that the waste is not hazardous, under Regulation 347. However, 
as noted above, the analytical samples from MW6-14 and MW6-18 some of the material at these 
locations would be classified as hazardous waste, based on the PCB concentration. 


Based on analytical results received to date some general statements can be made about the 
distribution of PCBs in the waste. Concentrations of PCB in the lower 5 m of waste are overall higher 
than those in the upper 5 m. The PCBs are often associated with a weathered diesel/oily product that 
floats on top of the water table in the landfill. 


3.4.3 Groundwater Analytical Results 


Analysis of the groundwater (leachate) obtained from monitoring wells installed in the refuse and 
surrounding areas were completed to determine the overall chemical characteristics of the 
groundwater/leachate and to determine if there were any changes in chemistry with time. Tables E-10, 
E-11, E12 and E-13 (Appendix E) summarize the results of the groundwater/leachate analyses. 


Tables E-10, E-1 land E-13 indicate that the groundwater/leachate samples collected generally meets 
the Table B groundwater non-potable criteria except for the parameters and locations shown on Table 
S. 


Table 3: Summary of Groundwater/Leachate Exceedances 


Parameter Criteria Excecdance Location, Date and Results 
tlt 38 | 


Copper 0.023 mg/L MW6-21 Feb 12/99 
MW6-S1A May 18/00 
G-4 June 21/00 


May 10/00 0.075 mg/L 


May 10/00 0.166 mg/L 
May 10/00 0.045 mg/L 
Oct 13/98 0.31 mg/L 
Oct 13/98 0.11 mg/L 


Oct 13/98 0.13 mg/L 


Lead 0.032 mg/L 
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Parameter Criteria Exceedance Location, Date and Results 
tod 1) | 
ee 


Mercury MW6-12 May 9/00 
MWé6-13 Sept 25/97 

May 9/00 

MW6-43 (Dup) Oct 13/98 

MW6-50 May 11/00 

MW6-51A May 18/00 

MW6-51B May 17/00 

MW6-59 July 12/00 

MW6-60 July 12/00 

GW-4 June 21/00 


2 


a 
6-60 July 12/00 17 ug/L 
a 


cis-1,2-dichloroethylene 70 ug/L July 12/00 250 ug/L 
vt Sly 12/00 250'usfl 


Notes: **1— Criteria used was the non-potable (Table B) groundwater criteria from the MOE Guideline for Use at 
Contaminated Sites in Ontario, 1996, revised 1997. 


2 


Ze 


22 


2 


In addition to the above exceedances, the EQL or method detection limit for certain parameters was 
above the respective Table B groundwater criteria for some samples. 


All of the groundwater exceedances for VOCs to date have been reported from MW6-60 with the 
sole exception of vinyl chloride at MW6-11. MW6-60 is located at the Hamilton Street Pallet 
Company site. Drilling at MW6-60 did not intersect any waste and the location of this monitor 
appears to be up-gradient of the landfill. The source of the VOCs at MW6-60 are therefore unknown 
at this time. The groundwater at MW6-60 needs to be resampled for VOCs to confirm this initial 
result. 


Table E-12 indicates that analyses for PCBs have been conducted on 46 groundwater/leachate 
samples. The reported range of PCBs concentrations was from less than 0.2 wg/L (the EQL) to 230 
ug/L in the sample from MW6-57. The Table B PCB groundwater criterion of 0.2 ug/L was 
exceeded in 22 samples but PCBs were not detected in 17 samples. Figure 10 shows the distribution 
of the PCB concentrations in leachate and in the seeps along Red Hil! Creek. As indicated, most of 
the PCB exceedances have been from monitoring wells in the southern portion of the former landfill. 
The result from MW6-57 needs to be confirmed because although it is in the southern portion of the 
landfill, it is situated near the interpreted western edge of the main area of waste. 


nen LEEEEN 
City of Hamilton Page 19 
Former Rennie Street Landfill August, 2000 

Dillon Consulting Limited 


The PCB analyses have been carried out on unfiltered samples. The use of unfiltered samples would 
be expected to produce the higher PCB result because PCBs are hydrophobic and would therefore 
tend to bind to solid material within the liquid sample. The PCBs result from MW6-57 resembled 
Aroclor 1242 and the generally accepted maximum solubility is in the range of 200 to 500 ug/L 
(Mackay et. al., 1992). This means that the reported concentrations of PCBs at MW6-57 of 230 
g/L is close to its reported solubility. 


Comparison of indicator parameters (parameters that have relatively high concentrations in the 
leachate) reported to date in the former Rennie Street Landfill, typical leachate concentrations in 
Ontario and the sanitary sewer discharge criteria (Regional Municipality of Hamilton-Wentworth 
Sewer Use By-law R89-049) are presented in Table 4. 


Table 4: Comparison of Indicator Parameters 


Sanitary Sewer Use Average Leachate Typical Leachate 
Concentration Concentration in 
(mg/L) Ontario”! (m 


Indicator 
Parameter 


Notes: “'- _ R. Kerry Row Inc., 1994, “Leachate Characterization”, Interim Waste Authority. 
**2 Sanitary Sewer Discharge Criteria, Regional Municipality of Hamilton-Wentworth Sewer 
Use By-law R89-049 
“3_ No value 


Chlonde concentrations showed one of the greatest range of values varying from 213 mg/L (MW6- 
52A) to 26,600 mg/L (MW6-13). Sodium also had a wide range of values with results varying from 
100 mg/L (MW6-50) to 17,200 mg/L (MW6-13). Overall, the concentration of chloride and sodium 
are higher than what is typically found in landfill leachate (Table 4). The elevated chloride and 
sodium concentrations are at least partly due to the road salt storage dome located on the Public 
Works Yard. Figure 11 shows the chloride concentrations in the groundwater and seep samples. As 
indicated, there are several areas with elevated chlorides. The two areas with the highest chloride 
concentrations are along the north-south ravine and in the northern section of the main area of waste 
(between MW6-42 and MW6-13). 


The organic strength of the leachate (TKN and BOD) is lower than typical landfill leachate which may 
be related to the relatively older age or composition of the waste at the former Rennie Street Landfill. 


City of Hamilton Page 20 
Former Rennie Street Landfill August, 2000 
Dillon Consulting Limited 


Table 4 indicates that the average leachate concentration is close to the Sanitary Sewer Use By-law 
limits and such could be considered for disposal in the sewer if this activity is required as part of any 
remedial activities. 


3.5 Surface Water Analytical Results 


Surface water samples were taken from Red Hill Creek, upstream at the CN embankment (SW1) and 
downstream (SW5) from the site just below the footbridge on two dates (Oct 13/98 and May 16/00). 
The purpose of these samples was to determine if there was any change in water quality in Red Hill 
Creek that may be caused by leachate impacted groundwater discharging into the creek, ar. Re 
analytical results for these samples are included on Tables E-14, E-15 and E-16 in Appendix E. 


Tables E-14, E-15 and E-16 indicate that overall the water quality within Red Hill Creek (SW1 and 
SW5) is generally good with only exceedances of the PWQOs for four parameters (aluminium, lead, 
phenolics and total phosphorous). VOCs and PCBs were not detected in these surface water samples 
during sampling completed to date. Comparison of the concentration of indicator parameters 
(parameters that have relatively high concentrations in the leachate) collected upstream (SW1) and 
downstream (SWS) of the landfill is presented below in Table 5. 


Table 5: Surface Water Impact Analyses 


Upstream Downstream 


Indicator Concentration Concentration Average Average 
Parameter (SW1) (SWS) Concentration | Concentration 
In Seeps in Leachate 


aot | aia 
Ta mot | Bina 
7 
en [oem | ooraet [008 wt 


Notes: N.A — Not Analyzed 
** _ PCB samples were not filtered. PCBs are hydrophobic and therefore the reported PCBs concentration 


are expected to be related to PCBs both on the solid material and in the liquid portion of the sample. 


Table 5 shows that only ammonia and iron show a significant increase in concentration and the only 
increase in these parameters is during the May 16, 2000 sampling event. The increase in the ammonia 
between SW1 and SWS on May 16, 2000 corresponds to a proportional decrease in the TKN 
concentration (which includes ammonia), so there does not appear to be any net increase in nitrogen 
concentration that would be expected if ammonia was impacting the creek. The increase in the iron 
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concentration in the creek during the May 2000 sampling event is inconclusive because the magnitude 
of this increase (i.e. three times greater) is the same magnitude as the decrease in the iron 
concentration that was observed between these same sampling locations in October 1998. Therefore 
the observed variability in the sampling results is interpreted to be due to variability in sample 
collection and/or analyses. 


In conclusion, there is no significant difference in concentrations for these parameters and therefore 
it can be concluded that the groundwater discharges to Red Hill Creek have essentially negligible 
effect on the surface water quality. Given the observed flow in the Red Hill Creek and the estimated 
groundwater flow into the creek it is reasonable to expect that the former landfill would not affect 
the surface water chemistry. 


3.6 Outfall Analytical Results 


Five outfalls (P1, P2, P3, P4 and P9) were sampled between Oct 13/98 and May 8/00, these are the 
only outfalls that are observed to flow on a regular basis. The results from these samples are 
summarized in Tables E-14, E-15 and E-16 (Appendix E). Initial samples (Oct, 1998) from P3 and 
P4 were collected from depressions near storm sewer outfalls in order to replicate sampling 
conducted by the MOE. The sample from the storm sewer outfall at P9, which was collected at SW6, 
was from a small creek that runs from this outfall along the Brampton Street right-of-way. This 
sample contains both the storm sewer outfall at P9 and a small tributary that comes from the 
Brampton Street Landfill. 


The earlier sampling results (Oct 13/98) from P1, P3, and P4 all had relatively good water quality and 
no VOCs or PCBs were detected above their respective method detection limits (MDLs) from these 
outfalls during this sampling event. The reported MDL for PCBs was unfortunately greater than the 
PWQO PCB criterion of 0.001 ug/L due to the difficulty in attaining this standard. The later 
sampling of P2 and P3 showed that the water quality from these storm sewer outfalls does not meet 
PWQOs. The water quality from P2 and/or P3 shows impacted water quality with exceedances of 
the PWQOs for aluminium, boron, cadmium, cobalt, copper, iron, lead, uranium, zinc, ammonia, total 
phosphorus and PCBs. All of the analyzed VOCs were less than their PWQO criteria but there were 
three VOCs detected in the P2 sample and one VOCs detected in the P3 sample. 


The source area for P3 is not known but it suspected that it runs slightly north of Rennie Street, this 
outfall is going to be blocked. P2 drained a portion of the Public Works Yard and subsequent to the 
sampling at P2 this outfall was blocked. 


The water quality from P9 that was collected at SW6 is slightly worse than the water quality in Red 
Hill Creek at the tested locations (SW1 and SWS),with exceedances of the PWQO criteria for 
aluminium, boron, cobalt, lead, and phenolics. Four VOCs were also detected in this sample but at 
concentrations that were less all than their PWQO criteria. No PCBs were detected in this sample 
at the EQL indicated. 
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In summary, the water quality in the outfall or sewer discharge samples ranged from good to poor. 
Samples from these outfalls generally conform with the PWQOs but there are exceedances for one 
or more parameters at every location. The contnbution of impacted groundwater to these sewer 
discharges are not known but based on chemistry and water colour it is suspected that at P3 
leachate/groundwater is a significant portion of the flow. 


3.7 Seep Water Analytical Results 


Ten water samples were collected from selected seeps along the bank of the Red Hill Creek between 
Nov 29/99 and May4/00. These samples were collected by letting these waters flow into a collection 
container, and then transferring the sample into the appropriate containers. The analytical results 
from this sampling are summarized in Tables E14, E-15 and E-16 (Appendix E). 


These results indicate that these waters exceed the PWQOs for several parameters including un- 
ionized ammonia, iron, copper, lead, phosphorous and phenols. Additional parameters for which 
there are no PWQOs were also found to be elevated in these waters ( e.g. chloride and sodium). 
Several factors should be noted at this time: 


° These samples were collected from a man-made depressions as close to the seep locations as 
possible. As a result, the samples did contain significant quantities of sediment. These 
samples were not filtered so these results would contain the influence from both the soil grains 
themselves and any material that was bound to the grains (this is especially an influence on 
the metal and PCB results). 


‘ These results are compared to PWQO criteria. These seeps are arguably classifiable as 
“mixing zones” under the PWQO guideline, although this would require MOE designation. 
Mixing zones are areas were exceedances of the PWQOs may be allowed. The PWQOs also 
indicate that mixing zones should be as small as possible and that they are not to be used as 
an alternative to “reasonable and practical treatment”. To determine the appropmiate criteria 
for these zones would require deriving effluent concentrations which are outside the scope 
of this investigation. 


3.8 Creek Bank Soil Analytical Results 


The surface creek bank soil samples from all of the seeps identified up to May 1, 2000 (Si to S26, 
inclusive) were sampled between October 21/98 and May 3/00. The results of these analyses are 
summarized in Appendix E on Table E-17. Generally these samples were analyzed for benzene, 
toluene, ethylbenzene and xylenes (“BTEX” compounds), TPH and PCBs. 


In September 1997, the MOE completed a bank soil/sediment sampling program in Red Hill Creek 
north from the CN Railway to the Queen Elizabeth Way. Four sediment sampling locations in the 
MOE study were adjacent to the Rennie Street Landfill. The sediment samples were analyzed for 
metals, VOCs , PAHs and PCBs. The concentrations of most parameters were not significant with 
the exception of a high PCB concentration of 90 mg/kg in the bank soil sample taken just north of 
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the Rennie Street alignment. A water sample was also taken from the storm sewer outfall south of 
the seep. This sample had an elevated iron concentration of 5.41 mg/L compared to aPWQO of 0.3 


mg/L. 


The purpose of the initial creek bank sampling conducted by Dillon in October 1998 was to confirm 
the soil sampling conducted by the MOE along Red Hill Creek. At the seep located at S26 
(previously called SW2) two surficial samples were collected for PCB analyses, SW2A consisted of 
oily-sediment and SW2 consisted of soil that was discoloured from the discharge of the seep. PCBs 
were not detected in the soil sample from this location but the oily-soil sample (from the point of 
seepage) had a PCB concentration of 98 mg/kg. The reported PCBs concentration in the oily-soil 
sample is comparable to a sample taken by the MOE in September 1997 which had a concentration 
90 mg/kg. 


Further detailed sampling of the sediments in the vicinity of the oily seep at S26 was completed to 
further delineate PCB concentrations. The results of this detailed investigation are summarized in 
Appendix F. Five samples, taken at a depth of 0.15 m, had PCB concentrations ranging from 0.06 
mg/kg to 0.71 mg/kg. The sediment sample taken 0.15 m below the oily seep had the lowest PCB 
concentration (0.06 mg/kg). These impacted soils were later removed as part of a remedial 
investigation conducted at this location. 


Table E-17 (Appendix E) indicates that the surficial soil samples from the creek bank have a large 
variability in the concentrations of the tested parameters. The reported PCB concentration in these 
soil samples ranged from less than the EQL or method detection limit (<0.05 g/g) to 1,500 ug/g at 
S4. The soil sample from S5 had the highest reported concentration of the BTEX compounds (which 
are the volatile portion of petroleum hydrocarbons) and TPH. The soils at S5 also had a PCB 
concentration of 34 ug/g. Seep SS has a very low observed flow and the amount of staining at this 
location is inconsistent with the reported TPH results. The source of the elevated chemistry is 
thought to be the tar-like substance in the three drums that were previously removed from this 
location. These drums contained a black tar-like substance that was found to be petroleum based and 
to contain high concentrations of PCBs (maximum of 1,200 ug/g). 


3.9 Landfill Gas 


Landfill gas was monitored in on-site gas monitoring wells between October 1998 and July 2000. 
In addition, the gas concentrations in on-site buildings and neighbouring homes was also collected. 
The results of this monitoring is included in Appendix C. Heath Consultants was also retained to 
further investigate the distribution of and nature of the combustible gases in the area. Heath 
Consultant’s report is also included in Appendix C. 


Landfill gas is generated as solid waste decomposes in the landfill. Landfill gas typically consists of 
carbon dioxide and methane in roughly equal portions. Landfill gas is expected to occur within the 
waste at the landfill. The potential for landfill gas to migrate from the landfill to the west was 
investigated by installing gas monitors in the Public Works Yard west of the railway spur. Based on 
the results of this testing, landfill gas is present over much of the Public Works Yard. Concentrations 
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ranged from near background levels at GW1 and GWS to over 50% gas at GW3 and GW6. The 
presence of such high levels of landfill gas is attributed to the presence of the north-south ravine 
which has been filled with waste/refuse and into which GW6 and possibly GW3 are completed. 
Combustible gas was not found in significant quantities in on-site buildings or in nearby residential 
homes. Results of bar testing along the western property boundary by Heath Consultants indicated 
no positive readings in the area indicating that migration off-site is not occurring. Combustible gas 
testing indicated that combustible gas is not migrating off-site west of the Public Works Yard. 


Overall, the investigations identified the presence of landfill gas within the Public Works Yard. The 
results of the source evaluation completed by Heath Consultants by completing gas chromatography 
on samples of soil gas at the Public Works Yard, gas from a monitoring well installed in the main 
waste mass east of the railway spur and a sample of product Natural Gas taken from the distnbution 
meter at the site indicated that the source of the gas is from decaying waste. It is not possible to 
discern if the gas is from the waste present in the north-south ravine or is from the main waste mass 
east of the railway spur. 


3.10 Slope Stability 


Peto MacCallum Limited (Peto) and Water Regime and Simulations Limited (Water Regime) were 
retained to assess the east slope of the landfill. Their reports are included in Appendices H and I. 
Their findings indicate that the slope is currently stable but that the bank is being eroded by the creek. 
It is not known when this erosion will cause bank stability problems. 
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4.0 SUMMARY OF CONCLUSIONS 


The following is a summary of conclusions related to waste, leachate and landfill gas based on the 
results of the investigative work at the former Rennie Street Landfill: 


Waste Quality and Quantity 


The Public Works Yard covers an area of approximately 95,000 m’, most of which is constructed on 
fill material or landfilled waste. It is estimated that approximately 400,000 m? of waste has been 
landfilled at the site and it covers approximately 85,000 m” of the site. The main waste mass occurs 
between the railway spur and Red Hill Creek and the depth of waste in this area is up to 11.3 m. This 
landfill was created by filling in the floodplain of Red Hill Creek. There are also two ravines that 
previously existed on the site that had been filled with waste/refuse and/or fill. The larger ravine ran 
north - south, parallel to Waterloo Street within the Public Works Yard. The second smaller ravine 
ran east-west just north of Rennie Street. 


The site geology generally consists of a thin layer of recent fill and/or street sweepings at the surface, 
overlying either refuse/waste or silty clay till (Halton Till). These units are in turn underlain by ashale 
bedrock (Queenston Shale). 


The eastern slope of the landfill forms the west bank of Red Hill Creek. Bank erosion, up to about 
0.3 m/year at some locations, is occurring along the landfill slope. Although there is no imminent risk 
of the slope collapsing, the erosion will at some point in the future lead to bank failure. 


The general chemical characteristics of the native soil underlying the waste were all less than the 
Table B industrial/commercial criteria except for the zinc concentration in one sample. These results 
suggest that the native underlying soils have not been significantly impacted by the landfilled waste. 


Four waste samples were extracted in accordance with the Regulation 347 leachate procedure and 
analyzed for metals. These Regulation 347 metal analyses indicated that the waste would be classified 
as non-hazardous. Three other waste samples had total PCB concentrations that were greater than 
50 mg/kg indicating that the waste in these locations would be classified as a hazardous waste. These 
analytical results suggest that the waste would be classified as non-hazardous except where the total 
PCB concentrations are greater than 50 mg/kg. 


Leachate 


Based on water levels collected to date, shallow horizontal groundwater flow in both the 
overburden/waste and shallow bedrock groundwater flow systems are generally from the western side 
of the landfill east towards the Red Hill Creek. This groundwater flow results in the presence of 
seeps along the west bank of Red Hill Creek. The 90-inch watermain that runs north - south just east 
of the western property boundary is inferred to have a significant localized effect on groundwater 
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flow in the shallow flow system. The sand and gravel bedding of this watermain appears to be acting 
as a conduit for water that is flowing onto the site and some of the groundwater that recharges on-site 
in the immediate vicinity of this service. In addition the north-south ravine may also be having a 
minor effect on groundwater flow, directing some groundwater to the north, towards the Brampton 
Street Landfill. 


Vertical groundwater flow is downward from the shallow groundwater flow system into the shallow 
bedrock. Groundwater in the shallow overburden along the creek flows into both the deeper bedrock 
flow system and also into the creek. The vertical movement of groundwater flow in the fill and waste 
over the majority of the site is limited by the presence of a silty clay till layer which retards or slows 
this movement. The effect of this silty clay till layer is to direct groundwater flow horizontally 
towards the creek. Some groundwater does flow through the silty clay material and/or flows through 
“windows” in this unit into the shallow shale bedrock. These “windows” or holes can be either man- 
made such as backfill along the 90-inch watermain and/or areas where this unit is absent. 


Leachate quality at the site is basically similar to typical landfill leachate. The PCB concentrations 
in the waste in the southern portion of the landfill are also higher than typical domestic landfills with 
reported concentrations of up to 620 ug/g. Chloride and sodium concentrations are also slightly 
greater than typical leachate quality which may be due to road salt storage at the Public Works Yard. 
The organic strength of the leachate (BOD and TKN) is less than typical landfill leachate which may 
be due to the age of the landfill. 


The reported range of PCBs concentrations in the leachate was from less than 0.2 wg/L (the EQL) 
to 230 ug/L. Most of the PCB exceedances are from the southern portion of the former landfill. 


The water quality of the seeps is generally similar to the leachate quality of the landfill with 
exceedances of the PWQOs for several parameters. In addition, several other parameters for which 
there are no PWQO criteria were also found to be elevated in these waters ( e.g. chloride and 
sodium). Some of these seeps have also been observed to contain a PCB-contaminated oily product. 


Sampling of bank soils from seep locations on the west bank of Red Hill Creek indicated that the 
surficial soil samples from the creek bank have a large variability in the concentrations of the tested 
parameters. The soils along the bank have been contaminated by the discharge of leachate in the 
seeps and particularly PCB-contaminated oil associated with the leachate. 


Landfill Gas 


Landfill gas was detected over much of the landfilled area, including the detections of very high 
concentrations in the vicinity of the Public Works Yard buildings. Monitoring along the western 
property boundary and in residences west of the yard indicates that landfill gas is currently not 
migrating west. 
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Surface Water Quality 


As previously discussed, leachate is discharging from the landfill along the west bank of Red Hill 
Creek. As well, there are a number of storm sewers that outfall to the creek along the west bank. 
The storm sewer discharges and outfalls in the area of the former Rennie Street Landfill have good 
to moderate water quality. However, there are exceedances of one or more PWQOs at each of the 
tested locations. The presence of these buried utilities may be assisting with the migration of leachate 
to the creek. The contribution of impacted groundwater inside these sewers and outside (in bedding 
materials) is not known. 


Sampling and analysis of water from Red Hill Creek has indicated that upstream and downstream 
water quality is similar. The impact from the discharges to the creek is not quantifiable. 
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5.0 REMEDIAL ACTIONS 


Based on the investigations completed at the Rennie Street Landfill, it is recommended that the 
remedial works include the following: 


¢ collection of the leachate before it can discharge to the creek, 


¢ erosion control of the west bank of the creek to prevent future exposure of the waste and 
discharge of contaminants to the creek, 


* restoration/remediation of the west bank of the creek where it has been contaminated 
by the seepage, 
e clean-up of the creek, 


¢ control of landfill gas to prevent off-site migration and accumulation in on-site buildings, 
and 


¢ elimination of leachate migration in and around storm sewers that cross the landfill. 
5.1 Interim Controls 


In December of 1999, interim measures were implemented to control, to the extent possible, the on- 
going discharge of contaminated soil and oily leachate into Red Hill Creek. However, these interim 
controls are not effective at preventing the discharge of dissolved contaminants in the leachate into 
the creek. The interim controls included the installation of silt fences and absorbent booms/pads at 
all identified seep locations. The leachate passes through the absorbent booms and pads and through 
the silt fence, trapping the separate phase contaminants (oil with PCBs) and soil. To-date 
approximately 25 separate seeps have been identified and protected with silt fences and absorbent 
material. The larger seeps have been protected with two and sometimes three separate layers of silt 
fence and absorbent material. 


Since March 2000, the west bank is inspected daily and the condition of the silt fences and absorbent 
booms are recorded. Damage to the fences and booms/pads are repaired immediately, subject to 
accessibility of the impacted area. Absorbent booms and pads are replaced as they become saturated. 
To-date approximately 40 205-litre drums of saturated booms and pads have been collected and 
replaced. As well, silt fences are installed at new seeps as they are identified during the daily 
inspections. Appendix K includes a copy of the Silt Fence and Boom Inspection/Maintenance 
Program. 


Due to the extremely wet weather conditions experienced in the spring and summer of this year, 
damage occurs frequently and has resulted in the discharge of oily leachate to the creek on a number 
of occasions. It should also be noted that although seeps have been observed at the landfill for a 
number of years, the number and severity of the seeps has increased over the past year. The 
contractor maintaining the interim measures has been instructed to replace and repair the measures 
as soon as possible after damage occurs, once it is safe for workers to access the area. 
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In order to prevent dissolved contaminants in the leachate from reaching the creek until the permanent 
collector can be installed, two localized leachate collection systems were installed on the west bank 
of the creek. The design of the collector is attached as Figure 10. The collectors were constructed 
in a shallow excavated trench (1.0 m deep) into the bank of the landfill immediately below and 
between seeps S4 to S20 and at seep S19 (see Figure 2). 


At the southerly collector (S4 to S20) a perforated pipe was installed and the excavation backfilled 
with clear stone. The backfilled trench was then covered with plastic to keep surface water from 
infiltrating and the perforated pipe was connected to a buried storage tank. At the northerly collector 
(S19), the storage tank was buried into the bank and a berm placed below the tank to direct leachate 
into It. 


Leachate is removed from the buried tanks and is pumped using a pneumatic liquid pump operated 
with a gas powered air compressor. The pneumatic pump was selected because it is explosion proof 
and can provide the high head required to pump the water to the top of the landfill. The pumped 
leachate is then stored in steel storage tanks until sufficient quantity is accumulated for off-site 
disposal at a licensed waste disposal facility. 


When first installed, approximately 500 litres of leachate was being collected weekly. Once 
modifications were made to the collectors, this volume increased considerably. Disturbing the surface 
of the bank by excavating the trench and burying the storage tanks has resulted in a more direct 
hydraulic connections being made with the leachate inside the landfill to the collection system. 
Previously, this leachate was likely being held back by the surficial material. Most recently, with the 
assistance of a vacuum truck pumping the buried storage tanks, approximately 20,000 litres of 
leachate was collected within a one week period. To-date, approximately 45,000 litres of leachate 
has been removed from the two collectors. 


Over the course of collecting leachate, it became evident that approximately two days after a 
significant rain event, the collectors filled very quickly. With the extremely wet spring and summer 
this year, these events have occurred on at least a weekly basis. The collectors appear to collect 
about 80% of the leachate that would have discharged to the creek prior to their installation. The 
installation of additional collectors and automating the existing two is currently being discussed. 


The installation of the localized collectors has provided valuable information on landfill conditions 
at the bank. When the bank was excavated and the landfill exposed, the nature of the wastes could 
be observed over a fairly large area. The waste in this area is extremely variable in composition and 
included large boulders, concrete blocks and logs. Pockets of leachate were observed to have 
accumulated behind these large objects. Due to heterogeniety of the waste at the banks, the seeps 
occur at various elevations and flows are not consistent from one seep to another, or even from the 
same seep over time. 


Operation of the interim controls will continue while the long-term solution is being designed and 
appropriate approvals obtained. 
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5:2 Alternatives 


Options for carrying out the long-term remedial works were identified and evaluated. A summary 
of this evaluation is included in Table 6. 


Alternatives to mitigate creek bank erosion are described in Section 5.2.1. Alternatives that address 
the issues of preventing seeps from the landfill from reaching the creek and bank and creek 
remediation are discussed in Section 5.2.2. Some alternatives in each section may address more than 
one issue. This is described with each alternative. The evaluation and identification of a preferred 
solution is based on the premise that an alternative or combination of alternatives must provide a 
long-term solution to meet all of the identified needs. An action plan to deal with buried utilities and 
outfalls in the landfill is described in Section 5.2.3. 


The criteria used to evaluate the alternatives included: 


° Effectiveness — there must be a reasonable certainty that the alternative would be effective at 
addressing the specific issue, 


° Feasibility and Lifespan — the alternative must be readily constructable with a reasonable 
expectation to operate as intended. The alternative must provide a long-term permanent 
solution to the issue. Alternatives that will require significant maintanance or with relativley 
short life spans are not preferred, 


° Health and Safety Risk — alternatives that minimize the health and safety risk to workers and 
the community are preferred, and 


° Cost — the preferred alternative must be cost-effective. 


The alternatives were qualitatively assessed using the above criteria. The following sections provide 
a summary of this evaluation and the rationale for identifying the preferred alternative. The purpose 
of the following description is to identify the key reasons for the elimination or selection of specific 
alternatives. 


5.2.1 Bank Erosion Alternatives 
In-place Lining of Existing Bank 


This alternative requires the use of either gabion baskets, armour stone, concrete or a similar material 
to construct a vertical (or stable profile) wall along the western (outer) bank of the existing stream 
footprint in areas of concern to mitigate stream bank erosion. The lifespan of this alternative is 
limited to between 15 and 60 years before failure occurs or replacement is required. In order to 
construct the wall, excavation of waste behind the wall will be required. This will create a significant 


City of Hamilton Page 31 
Former Rennie Street Landfill August, 2000 
Dillon Consulting Limited 


oO Table 6: Alternative Ways to Manage the Problem 


landfill and install collector at 
base, adjacent creek 


This altemative does not address any of the 
identified problems. 


This is the total removal of waste from the site, 

it will produce severe and prolonged impacts to 

the neighbourhood and is extremely expensive. 
SR 


Collector at Seeps 


bank at the seeps that drain 
to a holding tank to prevent 
seeps from reaching the creek 


e) MOE - Ministry of the Environment 


west bank of creek, 


mitigatable with replanting 


net improvement in fish 
habitat, vegetation 
replanted 


negligible 


negligible 


negligible 


duning construction 


some dust and odour 
dunng construction 


some dust and odour 
dunng construction 


some dust and odour 
during construction 


some dust and odour 
dunng construction 


Relocate Creek recreate natural floodplain DFO/CA 3-6 months moderate likely 
to ensure long-term stability 
of creek, install leachate 
collector at base 
Install Cover install low-permeable cover on none 2-3 months easy likely 
on Landfill landfill to prevent water 
from entering the landfill 
and creating leachate 
Install Penmeter a collector drain would be none 2-3 months easy likely 
Drain installed around west, north 
and south sides of landfill to 
collect groundwater before it 
enters the landfill | 
Remove Services numerous sewer and water- none 2-3 months moderate likely 
Through Landfill main pipes cross the landfill 
removing the pipes will 
eliminate leachate conduits 
Install Localized installing collector pipes in the CA fa - 2 months moderate likely 


OFO - Department of Fisheries and Oceans 


CA - Conservation Authority 


small areas of 
vegelation removed 


negligible 


N/A - Not Applicable 


Do Nothing maintain status quo not effective Continued environmental no change no $0 
degredation 
Remove Landfill all of the waste in the landfill MOE 2-4 years very difficult likely removal of creek west bank prolonged noise, yes no $26 millon 
would be removed to a vegetation, replacement of odour and truck 
licensed facility entire site with vegetation traffic during removal 
ed 
Purge Wells leachate extraction wells none 2 months easy further negligible negligible no $750,000 
installed along top of landfill testing req'd without 
to prevent leachate from treatment plant 
reaching the bank 
Trench West of honzontal collector installed none 3-6 months very difficult should be negligible some dust and odour $2.81 millon 
Top of Slope in waste to collect leachate effective during construction without 
before it reaches bank treatment plant 
Retaining Wall large concrete retaining DFO/CA 6 - 12 months extremely probably complete destruction of fish | some dust and odour $9.85 millon 
at Creek wall along entire bank of difficult effective habitat along west bank dunng construction without 
creek, leachate collected in treatment plant 
pipe behind wall 
Regrade Slope remove waste from slope of DFO/CA moderate likely complete destruction of some dust and odour not unknown $4.13 millon 


completely without 


$2.41 millon 
without 


treatment plant 


treatment plant 


Produces large volume of leachate for 
treatment, effectiveness unknown, test well 
results were not favourable. 


Produces large volume of leachate for 
treatment, very difficult to construct because of 
depth. 


Extremely large concrete structure that would 
isolate the landfill from the creek. Downstream 
impacts unknown 


Requires movement of large volume of waste 
and re-piling on site. 


Provides separation of creek from landfill and 
creates area to install leachate collector. 


under 
development 


under 
development 


under 
development 


under 
development 


Saha ee Eee 


Installing cap should help limit amount of 
leachate that is created 


Installing drain would further decrease amount 
of leachate being created. Testing required to 
ensure effectiveness. 


Removing obvious conduits will help eliminate 
leachate discharges. 


This alternative needs to be tested to determine 
effectiveness. 


health and safety risk for workers and area residents. Vegetation from the entire west bank will 
require removal. 


Footings for the wall would be constructed below creek level. A temporary barrier and dewatering 
will be required in order to construct the wall adjacent the creek. High creek flows during 
construction would cause significant damage including the erosion of the exposed waste into the 
creek. This alternative will address bank remediation in some areas but additional remediation in 
other areas may be required. This alternative does not address creek sediment remediation. 


This alternative does not provide a mechanism to reduce in-stream energy and as a result downstream 
areas may experience greater stream power, higher shear stress and increased rates of erosion. 
Downstream impacts in the area of the Brampton Street Landfill would likely be significant. 


In-place Lining of Relocated Bank 


A variation to the previous alternative, this alternative involves constructing the bank lining 1 to 3 
metres into the existing stream channel. This would result in the net decrease in width of the 
channel. However, significant excavation of waste in the existing bank would not be required to 
construct the wall. Since this alternative increases channel incising, the result would be an increase 
in bank shear stress. This will likely cause a significant increase in erosion of the opposite bank. 
Also, this alternative will result in further increased downstream erosion in the area of the Brampton 
Street Landfill, due to the increased stream energy that it causes. Also, because of the increased 
stream power, the anticipated lifespan of this alternative would be relatively shorter. 


This alternative would address bank remediation in most areas and it partially addresses creek 
sediment remediation in the area of the creek that is covered. Vegetation from the entire west bank 
would be removed and similar to the previous alternative, a temporary barrier dewatering will be 
required during construction. 


Lining of Entire Channel 


This alternative involves lining the entire creek channel with concrete. All concerns associated with 
bank erosion would be eliminated. However, it would involve the permanent destruction of fish 
habitat in the area. This alternative addresses bank remediation and creek remediation by 
encapsulating and isolating the contaminated material from the creek and terrestrial environment. 


Vegetation on both sides of the creek as well as all fish habitat would be permanently removed. 
Temporary diversions or pumping of the creek would be required in order to construct this channel. 
Any significant storm during the construction of this alternative would severely impact the work and 
risk to the creek. 
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Creek Relocation in Naturalized Channel 


This alternative emulates (although limits) the natural tendencies of the creek. This involves the 
excavation of material on the east side of the creek to construct a new stable channel and floodplain. 
The new channel would be constructed 5 to 10 metres east of its existing location in order to establish 
a floodplain bench along the western bank and a stable landfill slope. The bank full width of the creek 
would be reduced from approximately 16.5 metres to 13 metres (with a proportional increase in 
depth) in order to prevent sediment build-up. A floodplain stage on the east side of the creek would 
be constructed 10 to 15 metres wide. Rock veins and cross veins would be installed to mitigate near 
bank shear stress and eliminate bank erosion. This alternative does not require excavation of landfill 
material on the west side of the creek. There are reports of buried ash on the east side of the creek, 
north of Brampton Street, that may require excavation as part of the construction of this alternative. 
The extent and location of the potential ash is being investigated. 


The construction of the erosion prevention structures provides a diversity in hydraulic conditions and 
changes in streambed elevations, which increases the myriad of local fisheries habitat. Although there 
will be some downstream impacts in the area of the Brampton Street Landfill, they will not be as 
severe as the previous alternatives because stream energy is not increased and the wider floodplain 
will allow for more storage during high flows. 


This alternative addresses bank remediation and creek remediation by encapsulating and isolating the 
contaminated material from the creek and terrestrial environment. All of the vegetation on the west 
and east sides of the creek would be removed during construction and subsequently replaced with 
native species, consistent with the Red Hill Creek Watershed Plan, after the creek is relocated. 


Relocating the creek in a natural channel to the west of the existing stream, into the area of the landfill 
is not feasible. This would require the excavation and disposal of approximately 100,000 cubic 
metres of waste. The health and safety risk to the workers and community would be significant. The 
creation of the natural channel and stable slopes requires a large volume of fill material to construct 
the landform, this material is available from the east side of the creek, but not from the west side. 
Relocating the natural channel to the west into the landfill would require the importation of a large 
volume of clean fill from other sites. If the natural channel is located to the east, the excavated 
material is ideal for constructing the new banks and floodplain and surplus material may be utilized 
for contouring the top of the landfill. 


Evaluation 


Lining of all or part of the creek with engineered, vertical erosion prevention measures will have a 
limited lifespan of between 15 and 60 years. As such, these measures will not provide a permanent 
long-term solution to erosion of the bank of the landfill. Additionally, the downstream erosion 
impacts created by these alternatives are not acceptable. Lining of the entire channel with concrete 
results in the permanent and total destruction of fish habitat and vegetation on both sides of the creek. 
Partial lining of the creek (west bank) will result in the total destruction of vegetation on that bank. 
These alternatives are not consistent with the intent of the Red Hill Creek Watershed Plan. 
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Relocating the creek in a naturalized channel is tho only alternative that addresses the need for long- 
term bank stability. The natural channel alternative will create the least downstream bank erosion 
impacts of any of the alternatives. It also addresses the issues of bank and creek remediation. 
Although vegatation and fish habitat are initially damaged during construction, significant 
Opportunities for enhancing fish habitiat and replacment of the removed vegetation are provided. 
Creating the natural channel to the east is recommended because the movement and disposal of waste 
is avoided and it provides the fill material required to create the channel and floodplain. Mitigation 
will be required for the potential erosion impacts to the Brampton Street Landfill. 


Due to the necessity for long-term erosion control of the west bank of the creek, relocating the creek 
in a naturalized channel towards the east is recommended. 


5.2.2 Leachate Seepage Control 
Do Nothing 


The “Do Nothing” alternative is not a feasible or an acceptable alternative from an environmental or 
regulatory perspective. Permitting the continued discharge to the creek of leachate seepage from the 
landfill does not address any of the identified needs. This alternative is eliminated and not considered 
further. 


Limit Leachate Generation 


The amount of leachate expressed from the landfill is linked to the volume of leachate within the 
landfill. By controlling the volume of leachate that is generated, it is anticipated that the volume of 
the leachate escaping in the seeps will decrease. Leachate in this landfill is generated through the 
infiltration of surface water and the flow of groundwater from upgradient areas. The volume of 
leachate generated within the landfill can be controlled through the installation of a low permeability 
cover and drainage system over the landfill and the installation of an upgradient collector at the 
western limit of the landfill. The impact of limiting leachate generation will be to decrease the volume 
of leachate being expressed from the slope adjacent the creek; however, it is not likely to entirely 
prevent the discharge to the creek. 


Landfill Removal 


The removal of waste from the landfill would eliminate the potential for leachate from the landfill 
from impacting the creek. This alternative would also address bank remediation, as the bank would 
be removed with the landfill. Removal of the estimated 400,000 m? of waste from the site would 
require approximately 50 trucks per day, 180 days per year for four years. Creek remediation would 
not be addressed and would require additional work. 
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All of the leachate contained within the landfill will have to be removed, treated and/or disposed if 
the waste were to be excavated. The cost for the total removal of the landfill could range from $20 
million to more than $100 million depending on the quantity of PCB contaminated soil and volume 
of leachate requiring disposal 


Excavating and removing the waste will introduce significant air quality impacts on the community 
for an extended period of time. Also, there would be a significant health and safety risk for the 
workers completing the work and the community. 


Since the lower limit of the waste is lower than the creek and the waste extends to the bank of the 
creek, excavation of waste will be difficult. A temporary barrier would be required to contain the 
creek within its present banks. Since, during storm events the creek level can increase more than 
seven metres, any significant storm during the excavation of the waste will likely flood the area. 


In the last two years the creek has exceeded its bank-full level approximately 8 times per year. Since 
the excavation of waste will require a number of years to complete, it is likely that the landfill area 
would be flooded a number of times. 


Excavation of the waste will require the complete removal of vegetation on the west bank of the 
creek, with replacement after the work is completed. Removal of the landfill material would provide 
room for the creek to be relocated in a naturalized channel without significantly disturbing the east 
bank. However, a signifiacnt amount of fill would have to be imported to the site to construct the 
stable slopes, banks and floodplain. 


Installation of Purge Wells 


The continuous pumping of purge wells installed along the top of the bank in the landfill would 
reduce the volume of leachate in this area of the landfill, Their continuous operation would also 
attempt to reduce the flow of leachate eastward that results in seeps from the bank and impact to the 
creek. However, efficient operation of purge wells within municipal waste is difficult to achieve due 
to the slow and irregular flow patterns of the leachate. A test well completed in the fall of 1999 
indicated that at least 60 to 80 purge wells would be required and that their actual effectiveness may 
not meet the performance expectations. Based on the recent investigations of the landfill in the area 
of the slope, the variable nature of the material in the landfill (concrete, wood/logs, waste, fine grain 
soils) makes it uncertain if the extraction of leachate through vertical wells in the landfill will entirely 
prevent it from discharging from the bank and entering the creek. 


The purge wells would be located within the leachate mound in the landfill and they will extract 
leachate over the entire length of the screened interval. This would produce a very large volume of 
leachate that would require treatment. The purge wells would be removing leachate and essentially 
dewatering portions of the landfill but may not stop the seeps from occurring. 


eee 
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The installation of purge wells does not address bank or creek sediment remediation nor does it 
provide bank erosion control. Purge wells would be expected to require significant effort to operate 
and to maintain. Total replacement of each well could be required at least every five years. 


Purge Wells with Cut-off Walls 


An enhancement to the purge well alternative is to install a “cut-off” wall between the purge wells 
and the seeps. In this way, the leachate flow would be blocked and collection of the leachate in the 
wells enhanced. The “cut-otf’ wall could be installed along the bank of the entire landfill or in 
specific areas or larger sections where it is found that the purge wells are not preventing leachate 
seeps. Similar to the purge well alternative, this alternative does not specifically address stream 
erosion. 


The “cut-off” wall would likely be constructed through the injection of a low permeable slurry/grout. 
This would be accomplished by augering through the waste and connecting the barrier to the 
underlying silty clay layer. Since large quantities of metal, concrete, wood and other large material 
have been found in previous work at the landfill, the driving of a barrier through the waste could be 
unsuccessful and is not considered feasible. Augering to install the slurry wall will also be difficult 
and it is anticipated that excavation will be required in order to penetrate some areas. The success 
of the “cut-off” wall will be a function of the installation and the ability to form a waterproof barrier. 
In addition, waste does exist in the slope of the bank which would be beyond the control of the cutoff 
walls. 


Interceptor Trench and Horizontal Collector Within the Landfill 


Similar to installing purge wells, the purpose of a horizontal collector in a trench located within the 
landfill is to intercept the leachate before it reaches the bank. This alternative will likely be effective 
at collecting leachate and preventing seeps. However, it is unknown if it can actually be constructed. 
The depth of the collector must be 8 to 10 metres into waste with a high moisture content. 
Installation will require significant dewatering of the area and the movement of a large volume of 
waste. The collector will have the impact of dewatering the landfill and very large volumes of 
leachate would be collected for treatment. 


The health and safety risk for the workers and the community are high with this alternative as a large 
amount of waste would be exposed during construction. The installation of the trench and collector 
does not address bank or creek sediment remediation nor does it provide bank erosion control. 


Horizontal Collector Adjacent Existing Creek Alignment 


This alternative would be constructed by placing a horizontal leachate collector at the toe of the 
landfill adjacent the existing location of the creek. A ledge would be constructed west of the existing 
bank into the landfill in order to install the collector. The slope of the bank would be excavated and 
regraded through the movement of waste. The excavated waste would require disposal at a licensed 
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off-site facility. 


This alternative would be effective in stopping leachate from reaching the creek. However, since the 
collector would be located within the waste, a direct hydraulic connection would be established and 
it is anticipated that a very large volume of leachate would be collected. The collector would have 
the effect of dewatering the landfill. Construction and long-term protection of the collector would 
be difficult. The collector would have to be installed at an elevation lower than the creek and 
preventing water from entering the excavation or protecting the slope from damage during high flow 
events would be difficult. Since a natural channel design is not included in this option, the high 
stream velocity during storm events may damage the collector system. Over the long term, since 
bank erosion is not addressed, the area in which the collector is located will be eroded and the system 
will fail. 


This alternative addresses bank remediation because the bank would be excavated. Creek sediment 
remediation and bank erosion are not addressed with this alternative. The health and safety risks for 
the workers and the community are high with this alternative as a large amount of waste would be 
exposed during construction. 


Horizontal Collector With Retaining Wall Adjacent Creek 


This alternative would be constructed in conjunction with the erosion prevention alternative of a 
vertical retaining wall on the west bank of the creek. The rationale for not recommending the 
retaining wall on the west bank of the creek is clearly described in the previous section. The 
horizontal collector behind the wall would effectively collect the leachate prior to it reaching the 
creek. Since the face of the waste in the bank will be exposed, a hydraulic connection will be 
established with the collector which will have the effect of dewatering the landfill. 


This alternative addresses all the identified needs except for creek sediment remediation. However, 
the lifespan of the vertical retaining wall is unknown and downstream impacts will be severe. 


Horizontal Collector With Relocated Creek 


In conjunction with the erosion prevention alternative of relocating the creek in a naturalized channel, 
a horizontal leachate collector would also be installed. The collector would be installed under the 
west bank stage that would be constructed as part of the creek relocation. Leachate would be 
captured and prevented from entering the creek. The leachate would flow by gravity to a collection 
area where it would be pumped for appropriate disposal. A liner would be installed below the 
surficial topsoil on the west bank of the creek to prevent leachate from escaping and to direct it to 
the collector. 


Waste would not be required to be excavated in order to install the collector. Since the face of the 
waste and existing bank would not be disturbed a direct hydraulic connection with the leachate in the 
landfill would not be established. The volume of leachate collected would likely be similar to the 
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volume that is currently flowing to the creek and dewatering of the landfill would not be promoted. 


The health and safety risks with this alternative are low as the existing landfill is not impacted. This 
alternative addresses all of the requirements including bank and creek sediment remediation and 
erosion prevention. 


Evaluation 


The “do-nothing” alternative is not acceptable and is eliminated from further consideration. Limiting 
leachate generation will decrease the volume of leachate within the landfill that can escape to the 
creek. It will not stop the discharge of leachate to the creek. This alternative should be considered 
in conjunction with the preferred alternative, as part of the overall landfill management strategy. 


Removal of the landfill is not feasible due to timing, community and worker health and safety risks, 
environmental concerns and extreme cost. It is also eliminated from consideration. The remaining 
alternatives described in this section all address the prevention of leachate from entering the creek. 


Both purge wells and a horizontal collector constructed in the waste material would essentially de- 
water areas of the landfill through the removal of large volumes of leachate. The effectiveness of 
purge wells at controlling leachate from escaping from the landfill may be low due to the limitations 
of vertical wells operating in municipal waste. The construction of a horizontal collection system in 
the existing landfill or creek bank involves the excavation of a large quantity of waste and will be 
difficult to construct with significant health and safety concerns. Horizontal collectors in municipal 
waste are also subject to failure due to plugging and may not entirely prevent flow beneath the 
collectors and out the lower areas of the bank as seeps. 


The preferred bank erosion prevention alternative of constructing a naturalized channel offers an ideal 
location for placement of a horizontal leachate collection system in the five metre wide west bank 
stage. This location for the horizontal collector does not require any intrusion into the waste in 
order to construct it. It will also provide an effective barrier to prevent leachate from reaching the 
creek. It is expected that the volume of leachate that will be collected will be sufficient to prevent 
discharge to the creek but not sufficient to cause significant dewatering of the landfill. 


5.2.3 Buried Utilities 


As discussed in Section 3.6, there are a number of buried utilities at the site which outfall to Red Hill 
Creek. These buried utilities that cross the landfill have the potential to act as conduits for leachate 
migration. They were assessed using smoke testing, dye testing and camera survey to determine the 
flows in the pipes and, to the extent possible, the condition of them. The results of this assessment, 
and a plan for remedial works related to the buried utilities are summarized in Table 7. All of the 
storm sewers that cross the landfill will either be abandoned or relocated. The pipes that cross the 
landfill will be located, plugged and a “cut-off” wall will be placed around the perimeter of the pipe. 
The “cut-off” wall will prevent migration of leachate through the bedding of the pipe. 
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5:3 Preferred Solution 
Based on this evaluation, the preferred remedial actions for the site are: 


¢ control leachate generation by placing a low-permeability cover on the landfill and 
collecting groundwater before it enters the landfill, 


* collect leachate that seeps through the bank in a horizontal collector, and 


* prevent erosion by expanding the floodplain and relocating the creek away from the 
landfill in a naturalized channel. 


These preferred remedial actions should be effective at controlling discharges to the creek and 
preventing stream erosion. They can all be readily constructed and will have a long-term lifespan. 
They offer a cost-effective permanent long-term solution. 


The sections that follow describe the three elements of this strategy in more detail. 
5.3.1 Control Leachate Generation and Landfill Gas 


Since the amount of leachate generated is related to the amount of water that enters the landfill, if the 
volume of water entering is reduced, the volume of leachate generated will be reduced. Two sources 
of water into the landfill are groundwater flow and surface water infiltration. To reduce these flows, 
we propose to place a low-permeability cover on the landfill and to re-grade the area to promote 
runoff and prevent ponding. Also, a groundwater collector trench to the west of the landfill may be 
installed to prevent shallow groundwater from entering the landfill. The decision to proceed with this 
collector will be based on the results of the current investigations that are attempting to quantify the 
impact of this groundwater on leachate formation. 


Landfill gas has been identified in the Public Works Yard. The presence of landfill gas west of the 
railway spur is thought to be related to the relatively low amount of waste found in the soils at this 
location. Testing has indicated that landfill gas is not migrating further off-site to the west. Typically, 
landfill gas will vent through the top of the landfill in covered and uncovered areas and then dissipate 
into the atmosphere. 


The following measures are proposed to address the occurrence of landfill gas in the Public Works 
Yard: 


° all Works Yard buildings and structures will have permanent methane alarms installed 
(temporary alarms were installed in January 1999 shortly after testing revealed the presence 
of landfill gas at the site), and 
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° a landfill gas barrier will be constructed around the western and southern property lines of the 
Public Works Yard. The barrier wall will be extended south on the west side of the railway 
line terminating north of CN Rail main line. The landfill gas barrier will consist of a 30 mil 
high density polyethylene liner installed in a trench excavated to bedrock. A layer of 
permeable gravel soil will be placed on the landfill side of the barrier, to promote dissipation 
of any landfill gas to the atmosphere. 


5.3.2. Erosion Control 


The preferred option is to relocate Red Hill Creek away from the landfill. A new floodplain will be 
created by widening the creek valley and controlling erosion using natural channel design. Figure 
11 shows the conceptual plan for the new floodplain. As indicated, the creek widening extends along 
the Brampton Street Landfill which is also subject to erosion. A typical cross-section for the new 
creek is shown on Figure 12. 


Since the existing west bank of the creek (slope of the landfill) is steeper than what is considered to 
be a long term stable slope, the bank must be made less steep be adding clean fill material. At the 
base of the constructed slope, a bench approximately five metres wide will be constructed. This bank 
will provide separation between the landfill and the creek. The actual creek channel will be narrowed 
from its present 16.5 metres width to approximately 13 metres wide, with a corresponding increase 
in depth of the channel to minimize sediment deposition. Another bank will be constructed on the 
east side of the creek, 10 to 15 metres wide. The new east slope will be constructed at a stable 
incline. 


Erosion protection measures such as rock veins and cross veins will be installed to control the stream 
energy in key areas. Between 100,000 and 150,000 cubic metres of material will be moved from the 
area on the east side of the creek in order to construct the naturalized channel. A large portion of this 
material will be used to construct the required banks and slopes and also it may be used for grading 
and contouring on top of the landfill. Once the excavation has been completed and the creek 
relocated, the area will be revegetated with native plant species consistent with the Red Hill Creek 
Watershed Plan. 


In order to complete the work, the pedestrian bridge at the north end of the landfill will be lengthened 
and the buried steam line between the SWARU and the Sewage Treatment Plant will be modified to 
accommodate the construction. 


5.3.3 Collect Leachate 


When the creek is relocated to the east in the naturalized channel, the five metre wide bench on the 
west side of the creek will be used to locate a horizontal leachate collection system. The west slope 
adjacent the landfill will be covered with an impermeable material. Any leachate that reaches the 
slope will flow downwards behind the cover, to the collector which will then carry it to a central area 
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where it will be pumped for disposal. The collector and barrier will be designed such that any 
leachate escaping from the landfill will be captured, but not to promote the dewatering of the landfill. 


Currently, the seeps are grouped together with a number of isolated seeps between the groups. The 
flow from the seeps is relatively low. As discussed in Section 5. 1, to prevent leachate from entering 
the creek between now and when the creek is re-located, it is proposed to install localized collector 
trenches directly into the seeps at two to four locations along the west bank. Such collectors have 
been demonstrated to intercept most, but not all, of the seepage at the locations where they are 
installed. 


5.4 Implementation Plan 


The remedial works will be implemented in accordance with the following schedule: 


Se eee Schedule 
Construct localized collectors into the west bank of the creek: 


— at seeps S4-S20 at the south end of the site June 2000 
- at seep S19 at the north end of the site July 2000 


Evaluate the effectiveness of these trenches and extend to other June — October 2000 
seep areas, if effective 


Confirm the feasibility of installing a groundwater cut-off June — October 2000 
trench on the west side of the landfill 


plug and cut off existing pipes where possible 


Expand floodplain and relocate the creek: 


June — December 2000 
Contingent Upon Approvals 


- complete the design and Environmental! Assessment 


~ construction 


5.5 Public Consultation 


A Public Consultation Session was held from 6:00 p.m. to 10:00 p.m. on Thursday, June 1, 2000 at 
the Woodward Avenue Public School, 575 Woodward Avenue, Hamilton, Ontario. The purpose of 
the session was to meet with the public, discuss the landfill site conditions and proposed remedial 
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works and receive feedback from interested parties. Specifically, the following items were presented 
for discussion and comment: 


¢ the nature of the problem, 

¢ the proposed strategy, 

e elevation of remedial alternatives, 

¢ the proposed floodplain expansion and creek relocation, and 


¢ implementation plan for the remedial works. 


Notices of the Public Consultation Session were placed in the Hamilton Spectator on May 19" and 26", 
2000. Agencies and parties on the project mailing list were notified of the meeting via telephone and/or 
E-mail during the two weeks prior to the meeting. Residents on Waterloo Street and the adjacent 
businesses on Rennie Street were hand delivered a copy of the notice of the Public Consultation Session 
on May 30, 2000. 


It is estimated that 45 to 50 members of the general public attended the Public Consultation Session, 
although only 43 people registered their attendance . 


Display boards were presented which provided information on the project background, site conditions and 
the problem, alternative ways to manage the problem, the proposed strategy including the creek relocation, 
and the implementation plan. A copy of the display boards is included in Appendix L. 


The following people were in attendance to discuss the project with interested parties: 


¢ Bill Allison - Dillon Consulting Limited 

- Bill Annable - Water Regime, Investigations and Simulations Limited 

¢ Launie Bruce - Dillon Consulting Limited 

¢ Ray Carter - Dillon Consulting Limited 

¢ George Coker - C. Portt and Associates 

* Patsy Duever - Dillon Consulting Limited 

¢ Peter Dunn - Region of Hamilton-Wentworth, Waste Management Department 
¢ Charlie Guthro - City of Hamilton, Public Works 

¢ Rob Hall - Regional Health Department 

e Jan Judd-Henry - Dillon Consulting Limited 

¢ Reg Meiers - City of Hamilton, Public Works 

¢ Karen St. Aubin - Region of Hamilton-Wentworth, Waste Management Department 
¢ Tim Tuck - City Of Hamilton, Communications 

* Ken Ursic - Dougan and Associates 

* Ron Weiss - Dillon Consulting Limited 
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The atmosphere of the Public Consultation Session was intended to promote dialogue. Attendees were 
welcomed at the entrance and invited to register their attendance and to review the displays and to feel free 
to discuss any matters with available staff. At the request of some local residents a formal question and 
answer period was held. 


Comment sheets were provided to all attendees in order to document their comments and concerns. 
Written comments were provided by ten attendees and are summarized as follows: 


¢ remove the landfill (4 comments), 

* caution to make sure that “long-term” is indeed long-term (1 comment), 

* concern with cancer incidence on Waterloo Street (1 comment), 

¢ focus on the slope stability and ensure cost-effective use of funds (1 comment), and 
* support for the plan presented (1 comment). 


Two of the comment forms have not been summarized due to foul and abusive language. 


Public consultation on the project will be on-going as the works proceed. 
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6.0 LIMITATIONS 


The report was prepared exclusively for the purposes, project and site location outlined in the report. The 
report is based on information provided to, or obtained by Dillon as indicated in the report, and applies 
solely to site conditions existing at the time of the site investigation(s). Although a thorough investigation 
was conducted by Dillon, it is possible that currently unrecognized contamination or potentially hazardous 
materials may exist at the site, and that the levels of contamination or hazardous materials may vary across 
the site. 


The report was prepared by Dillon for the sole benefit of the City of Hamilton. The material in it reflects 
Dillon’s best professional judgement in light of the information available to it at the time of preparation. 
Any use which a third party makes of this report, or any reliance on or decisions made based on it, are the 
responsibilities of such third parties. Dillon accepts no responsibility for damages, if any, suffered by any 
third party as a result of decisions made or actions based on this report. 
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LIST OF ABBREVIATIONS & 
TERMS USED IN BOREHOLE LOGS 


This form summarizes both field and selected lab test results on samples obtained from each borehole. An peterre cpa 
explanation of the various columns of the log follows. 


DERI 


All depths are given in metres (feet) measured from the ground surface unless otherwise noted. 


ELEVATION/DEPTH 


This column gives the elevation and depth of inferred geologic contacts. The elevation is referred to the datum shown in the 
general heading. 


SYMBOLIC LOG 


The symbolic log column displays standard hatching symbols used for description of soil and rock strata. 


SOIL DESCRIPTION 


A description of the soil strata using standard terminology is contained in this column. The terminology used far describing 
soil/strata is based on proportions of particle sizes present: 


Term Example (%) 

Trace Trace sand 1-10 
Some Some sand 10-20 
Adjective Sandy ZO 35 
And And sand 35 - 50 
Noun Sand >50 


Grain Size Classification” 


Based on Unified Soil Classification 
System ASTM D2487-85 


Clay <0.002 mm 
Silt 0.002 -0.075 mm 
Sand 01075) =4575imm 
Gravel 475) = 75mm 
Cobbles 75 - 200 mm 
Boulder >200 mm 
Relative Density (Non-cohesive Soils) Consistency (Cohesive Soils) 
Undrained 
N (SPT) INSTR) Shear Strenath 
Very Loose O- 4 Very soft <2 Orton iz 
Loose 4-10 Soft 24 iZsror25 
Compact 0) = Sie Firm 4-8 25 to 50 
Dense 30-50 Stiff Siem SOMO OO 
Very dense >50 Very stuff {sy = Sie. 100 to 200 
Hard >30 Over 200 
Dilatancy Plasticity 
None - No visible change in specimen. 
Liquid Limit (%) 

Slow - Water appears slowly on surface Low Plasticity <30 

of specimen during shaking and Medium Plasticity S10} S30) 

does not disappear or High Plasticity >50 

disappears slowly upon 

squeezing. 
Rapid - Water appears quickly on the 


surface of specimen during 
shaking and disappears quickly 
UDON SQuReZING. 


LIST OF ABBREVIATIONS & pers 
TERMS USED IN 3OREHOLE LOGS eon 


(continued) DILLON 
CONSULTING 


SAMPLE NO. 


Samples are numbered numerically in the order which they were obtained in the borehole. 


INTERVAL 


The interval over which the sample was taken is indicated. The symbol represents the type of sampling method used. See 
form which follows for symbol descriptions. 


SAMPLE TYPE 


The first letter describes the sampling method and the second, the shipping container. 


Sampling Method 


A - Split Tube E - Auger 
B - Thin Wall Tube F - Wash 
C - Piston Sampler G - Shovel 


D - Core Barrel 

X - Denotes sample extracted from 
core, taken for laboratory 
analysis 


Shipping Container 


N - Insert S - Plastic Bag 

OQ - Tube T - Cloth Bag 

P - Water Content Tin U - Wooden Core Box 
Q - Plastic Jar Y - Plastic Core box 
R - Glass Jar Z - Discarded 


‘N’ VALUE (BLOW _ COUNT) 


The ‘N’ value obtained from the Standard Penetration Test (SPT). This test is carried out in accordance with ASTM D1586- 
84 and the ‘N’ value corresponds to the sum of the number of blows required by a 63.5 kg (140-lbs) hammer dropped 
760 mm (30 in.) to drive a 50 mm (2-in.) split tube sampler the second and third 150 mm (6 in.) of penetration. 


% RECOVERY 


The percentage of the sample actually recovered based on field measurements is identified in this column. In case of rock, 
the length of rock core as a percentage of each core run Is given. 


LABORATORY ANALYSIS OF SOILS 


Letter denotes analysis performed. 


GEOTECHNICAL CHEMICAL 
a. Grain size i. Oils and Grease 
b. Moisture Content is ele 
c. Wet Density k. Hydrocarbon(s) 
d. Atterberg Limit(s) |. Organic Compounds(s) 
a. Permeability m. Major lon(s) 
f. Cation Exchange Capacity n. Nutrient(s) 
g. Mineralogical Identification o. Metal(s) 
h. Other Geotechnical p. Other Chemical 


TEST DATA PLOTS 


A column is reserved for plotting field and/or laboratory test data against depth, ‘N’ values, moisture contents and field vane 
shear strength are commonly plotted. 


MONITOR INSTALLATION DETAILS 


This column displays the details of groundwater monitor construction. See form which follows for description of symbols 
used to represent backfill materials. 


LIST OF SYMBOLS USED IN BOREHOLE LOGS 


SOIL UNITS 


Asphalt il Silt 
GIST 
Concrete Yj Clay 
ae 
Saath | 
Topsoil oe Pn Peat 
ae Fa 
Se 
Garbage = Till 
= 
Pull Shale 
Gravel Limestone 
Sand Igneous Rock 


See 
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COMSULTING 


LIST OF SYMBOLS USED IN BOREHOLE LOGS 


SAMPLING INTERVAL AND METHOD MONTTOR INSTALLATION DETAILS 


Splitspoon Concrete 


Thin Wall Tube possocss Bentonite - pelleuzed 


Piston Sampler Bentonite - powdered 


= 
{ 


Bentonite Grout - Volclay, Goid 


Auger Drill Cuttings 
Wash 


= Shovel 


Sample Extracted for 


Laboratory Analysis 


Sand - No.1 grade 


Sand - No.3 grade 


Gravel 


Caved Materials 


Open Hole 


—— a7 
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DD) | LLG mM PROJECT No. 96-3564-17 | BOREHOLE No. MW6-11 
DATUM: Geodetic Sheet Eye Gl 


DATE: = 22 September 1997 
LOCATION: Rennie Street Landfill, Hamilton, Ontario INSPECTOR: MRP 


ox SAMPLE > N VALUE (C) MONTTOR 
a Q 
e | ELEV. i, a W a ee (Blows/0.3m) —_ ae 
=o Paap y= DESCRIPTION aj2i a |/2| 2 |¢%| 20 40 60 80 
e — clu) > x o j|e@4 
= > 3 |e} & eS | Ss 
a “ Sahl re 
a H ra ww cc 
84.58 Le Ser eal 
Bee 
14 eae price Brown, sandy, street sweepings, no odours. A 
. a 
ae 
(2 4 
4 
4 | 
; REFUSE a 
< Black, silty, odourous, moist. 1 3 AS | 13 | 2 ql 
44 , 2, 
< 
4 4 q 5.00m - Becoming saturated. ‘aa 
< 
64 Lam 
gee 2 AS | 22 | 50 i 
< 
ee x 
< 
8 763 ge 
8.3 HH 
7 
os) Ree 3 = AS | 11 | 100 a 
10-4 0s Reddish brown, trace odour, saturated. ee ae 
iH 
oss, 
114 WM 4 KY AS 100 
ye 
io) 
12 HH 
Ht 5 a AS 100 
FASS 
e130 SHALE , 
71.5 Red, silty, weathered. 
13.1 13.11m - End of Borehole. 
be NOTES: 
(1) Monitoring well construction of 50mm diameter, 
SCH 40, flush-threaded, PVC riser pipe with a 
154 1.52m long, No. 10 slot, screen. - 
(2) Water level taken Sept. 25, 1997 at 5.14m below 
ground surtace. 
16 (3) Water level taken Oct. L, 1997 at 5.76m below 
| ground surface. 
174 
@ |» 
19- | | | 
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LOCATION: 
S| EREVeNG 
v |. DEPTH |S.0 
= | (m) j9% 
a 
W > 
a ” 
84.38 
Reed 
eeetenat 
Keseeesg 
1, 83.4 aresee 
1.0 ‘ 
< 
24 4 
4 
3)5 
4 
4 
44 rt 
e 
54 q 
P 4 
< 
si | ae 
> 4 
4 
74 |e | 
> 4 
< 
84 y+ 
ip 4 
< 
9+ 4 
4 
10-4 Wel 3) | 
10.1 
Wks} 
12-7 
INAS 
13- 12.8 ies 
Fv33 
HS jagt 
14-4 
155 
1674 
tafe 


m@ SHALE 


PROJECT No. 
DATUM: 


Geodetic 


96-3564-17 


Rennie Street Landfill, Hamilton, Ontario 
a 
rap 
Lu 
DESCRIPTION a |% 
=) |= 
72, | rs 
e 
FILL 
Brown, sandy street sweepings, moist, no odours. 
REFUSE 
Black, silty, odourous, moist. 


5.10m - Becoming saturated. 


SILT 
Reddish brown, trace clay, moist, trace odour. 


Red, silty, weathered. 
13.11m - End ot Borehole. 
NOTES: 

(1) Monitoring well construction of 50mm diameter, 
SCH 40, flush-threaded, PVC riser pipe with a 
1.52m long, No. 10 slot, screen. 

(2) Water level taken Sept. 25, 1997 at 7.07m below 
ground surface. 

(3) Water level taken Oct. 1, 1997 at 5.66m below 
ground surface. 
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BOREHOLE No. MW6-12 
Sheet IL Gye 

DATE: 23 September 1997 

INSPECTOR: MRP 


N VALUE (OQ) 
(Blows/0.3m) 


Stick Up 


78cm 
A 
vA 


LABORATORY 
ANALYSIS 


DEPTH(C m ) 


Baron 
SSoSSSh 


—- Ary 

WS SEI) ©) 

Naor 
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LOCATION: 


3 DESCRIPTION 


Cx? 
SxS 
oe 
5 
eS 
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RS 


sq Brown, sandy street sweepings, with concrete, trace 


rsectetets 
SKS 
oseees 
‘o' 
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ate indy 


= 
SSO SS SSS SSS SVE -d,. 
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SHMOUMCOLANE 
Reddish brown, moist, some becoming trace odour. 


SSG 
See ay 


SaSey 
SS 


SHALE 

Red, silty, weathered. 

12.18m - End of Borehole. 

NOTES: 

(1) Monitoring well construction of 50mm diameter, 
SCH 40, flush-threaded, PVC mser pipe with a 
1.52m long, No. 10 slot, screen. 

(2) Water level taken Sept. 25, 1997 at 5.83m below 
ground surtace. 

(3) Water level taken Oct. 1, 1997 at 4.44m below 

ground surtace. 
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SAMPLE 


TYPE 


AS 


N VALUE 


“*RECOVERY 


100 


BOREHOLE No. 


23 September 1997 
INSPECTOR: 


N VALUE (Q) 
INSTALLATION 
DETAIL 


LABORATORY 
ANALYSIS 


NSS: 


RARRAS EIDE E 
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RARLARA 
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LOCATION: 


DEPTH( om ) 


6-4 


74 


8- 


94 


104 


164 


2s 


185 


omen 
> } 


4 i 


DESCRIPTION 


xxx Brown, sandy, street sweepings, with concrete, trace 


x REFUSE 
Black, silty, saturated, odourous. 


wy 


i 
Wh SILTY CLAY 
YI | 
OH Red, saturated, some odour, becoming gravely at 
4 13.40m. 
SHALE 
Red, silty, weathered. 
13.87m - End of Borehole. 
Notes: 
(1) Monitoring well not installed. Borehole backfilled 
with drill cuttings, with bentonite seal at surface. 
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BOREHOLE No. BH6-14 
Sheet 1 of 1 

DATE: 24 September 1997 

INSPECTOR: MRP 
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ee We. 
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rpapidls 


2 q 

Beeseod Sand and Gravel 
Reed Brown, coarse sand-medium gravel, poorly sorted, 
Kees = 
cate 
porerace 


PROJECT No. 
DATUM: 


96-3564-17 


Geodetic 


Rennie Street Landfill, Hamilton, Ontario 


gu-ELEV. © 

~ | DEPTH [2a 

= (m) aS DESCRIPTION 
im - 

o | 34.95 


o, 


<4 some debris (concrete). 

=i Dry-moist, no odour or visible staining. 

§ REFUSE 

f Black, clayey-silt, some sand, trace gravel. 
Debnis present includes plastic, glass, paper, wire, 

4 Organic material. 

| Moderate to strong unidentified odour. 


6.1m - Material becoming wet-saturated. 


4 


{| CLAYEY SILT 


( Reddish-brown, trace fine gravel, moist to saturated, 
massive. 

12.80m - End of Borehole. 

Notes: 

(1) Monitoring well constructed of 51mm diameter, 
Sch. 40, PVC, flush threaded riser pipe with a 1.52m 
long No. 10 slot screen. 

(2) Water level measured at 6.08m below ground 
surface on October 21, 1997. 
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[D) I LLO IM) PROJECT No. 96-3564-17 | BOREHOLE No. MW6-15 
; DATUM: _ Geodetic Sheet” 1° of > 1 


DATE: 20 October 1997 
LOCATION: Rennie Street Landfill, Hamilton, Ontario INSPECTOR: SLS 


~ ____ SAMPLE | >) | NVALUE (0) 
= | ELEV. (2 ne uw | 2 [ow |_CBlows/0.3m) 
<4 DEPTH 2 o uw l> Ww =] Ww eo” T T ; 
= in) ie DESCRIPTION rae rade al ese peer ey 
a = = A es WS o joc 33cm 
lu > 2 = e uw |a2 
2 | 34.94 |" * 5 See 
Ey FILL 
Reesed Sand and Gravel 
14 Rx Brown, coarse sand-medium gravel, poorly sorted, 1 ES 
kexed some debris (concrete). 
ee ei Dry-moist, no odour or visible staining. 
Pa § REFUSE 
ms I Black, clayey-silt, some sand, trace gravel. 
i 2 ES 
Debris present includes plastic, glass, paper, wire, 
ee organic material. 
37 2 Moderate to strong unidentified odour. 
4 
4a y 3} ES 
< 
ry 
54 Bec a ee 
<q 4 ES 
4 
65 ry 
» 3 6.3m - Material becoming wet-saturated. 
; ? Abundant fibrous (hair-like) material in refuse. 5 ES 
7 Seer 
< 
a 
85 Bae 
< 
6 ES 
& 
9- te. 
10-4 7 ES = es 
| 
4 
115 | 8 RK AS | 48 | 0 
4q 
4 
12+ 72.8 mi i 
ips? CEUAYVEN SILT a 
12d bats! Reddish-brown, trace fine gravel, moist to saturated, 9 eq AS | Sei 22 2 
135 12.8 massive. 
12.80m - End ot Borehole. 
Notes: 
14-5 (1) Monitoring well constructed of 51mm diameter, 
Sch. 40, PVC, flush threaded riser pipe with a 1.52m 
long No. LO slot screen. 
154 (2) Water level measured at 6.29m below ground 
surface on October 21, 1997. 


| LLG im) PROJECT No. 96-3564-17 BOREHOLE No. BH6-16 
DATUM: Geodetic Sheet i of 1 


DATE: 20 October 1997 
LOCATION: Rennie Street Landfill, Hamilton, Ontario INSPECTOR: 


SAMPLE N VALUE (0) 


(Blows/0.3m) 


DESCRIPTION 20 40 60 80 


DEPTHC m ) 
NUNBER 
INTERVAL 
TYPE 
ZRECOVERY 
LABORATORY 
ANALYSIS 


Od 
locececee: 
eS 


RRs Brown, coarse sand-medium gravel, poorly sorted, 
Kxxeq some debris (concrete). 
SOY 


, Dry-moist, no odour or visible staining. 
REFUSE 

| Black, clayey-silt, some sand, trace gravel. 

q Debnis present includes plastic, glass, paper, wire, 
organic material. 

~ Moderate to strong unidentified odour. 


WY 


Ay 


MA 


S 
AA 
ue 


A 
AY 


A“ 


~ 
AAA, 
ee x 
Loy 


Pa 
Ry 
LOS 
EGG 
SA 


NS 


6.1m - Material becoming wet-saturated. 


Za 
OAL 


CLAYEN SIEGE 

d Reddish-brown, trace fine gravel, moist to saturated, 
Massive. 
12.80m - End of Borehole. 
Notes: 
(1) Monitoring well not installed. Hole backfilled 
with drill cuttings, with bentonite seal at surtace. 
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DILLO PROJECT No. 96-3564-17 | BOREHOLE No. BH6-17 
i DATUM: _ Geodetic Sheet 1 of Jl 


DATE: 21 October 1997 
LOCATION: Rennie Street Landfill, Hamilton, Ontario INSPECTOR: SLS 


N VALUE (C) 
(Blows/0.3m) 


20 40 60 80 


DESCRIPTION 


DEPTH( m) 
NUMBER 
INTERVAL 
“RECOVERY 
LABORATORY 
ANALYSIS 


q FILL 


Rees Sand and Gravel 
eteteren: : S 
| Reece] Brown, coarse sand-medium gravel, poorly sorted, 1 E 
1 kasd some debris (concrete). pooees 
“ceed Dry-moist, no odour or visible staining. SSAA 
83.0_ Keg ERE 
24 1.3 |@@ REFUSE | S09 
f Black, clayey-silt, some sand, trace gravel. 2 ES a 
> Debris present includes plastic, glass, paper, wire, ue 
34 | | organic material. a 
Moderate to strong unidentified odour. ES 
: SS, 
> ES yy oe 
5 a 
44 ry Y, 
5 = aa aR 
" 4 ES | PANN 
> wy, 
6-7 y es 
< 
A - 5|\}| ES 
< ; 
>| 7.6m - Material becoming wet-saturated. 
8-4 P 4 
a 6 ES 
y q 
9-4 ‘ 
(d AA 
+ Re 
An o 
104 ‘ 7) | Es ee! ae 
g head 
‘ SE 
74.1 iS 
cc] RSA 
tt, 10.7 Hy CLAYEY SILT . 3 4 as | 19/19 a Se 
73.5 “AVL Reddish-brown, trace fine gravel, moist to saturated, 929 NN 
eS massive. 
124 11.28m - End of Borehole. 
Notes: 
(1) Monitoring well not installed. Hole backfilled 
3 with drill cuttings, with bentonite seal at surtace. 
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[ DATUM: Geodetic Sheet jer al 


21 October 1997 
LOCATION: Rennie Street Landfill, Hamilton, Ontario INSPECTOR: SLS 


SAMPLE N VALUE (Q) 


(Blows/0.3m) 
So 


20 40 60 80 


DESCRIPTION 


DEPTHC m ) 

NUMBER 
INTERVAL 
ZRECOVERY 
LABORATORY 

ANALYSIS 


Ke 


gece 
KS 
{ Brown, coarse sand-medium gravel, poorly sorted, 

Kexeed some debris (concrete). 

sq Dry-moist, no odour or visible staining. 
Qe REFUSE 
f Black, clayey-silt, some sand, trace gravel. 

Debnis present includes plastic, glass, paper, wire, 
H organic material. 
# Moderate to strong unidentified odour. 


} 6.1m - Material becoming wet-saturated. 


ARS 
WA 


A. 


” 
Re, 


| 


ail CLAYEY SILT 
CC. Reddish-brown, trace fine gravel, moist to saturated, 


massive. 

11.28m - End of Borehole. 

Notes: 

(1) Monitoring well not installed. Hole backfilled 
with dnl cuttings, with bentonite seal at surface. 
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PROJECT No. 
DATUM: 


DESCRIPTION 


LOG 


<{ some debris (concrete). 
<i Dry-moist, no odour or visible staining. 


4 Debris present includes plastic, glass, paper, wire, 
) organic material. 


6.1m - Material becoming wet-saturated. 


CLAVE SILT 


massive. 

11.13m - End of Borehole. 
Notes: 

(1) Monitoring well not installed. Hole backfilled 
with dmill cuttings, with bentonite seal at surtace. 


Reddish-brown, trace fine gravel, moist to saturated, 
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Rennie Street Landfill, Hamilton, Ontario 
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LOCATION: Rennie Street Landfill, Hamilton, Ontario 
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LABORATORY 

ANALYSTS 


0,9, 
ones 
ERK 


4 Sand and Gravel 

Brown, coarse sand-medium gravel, poorly sorted, 
some debnis (concrete). 

Dry-moist, no odour or visible staining. 
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4 Debris present includes plastic, glass, paper, wire, 
] organic material. 
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6.1m - Material becoming wet-saturated. 


10.66m - End of Borehole. 

Notes: 

(1) Monitoring well not installed. Hole backfilled 
with drill cuttings, with bentonite seal at surtace. 
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PROJECT No. 


DATUM: Geodetic 


Rennie Street Landfill, Hamilton, Ontario 


96-3564-17 


DESCRIPTION 


ray 


and and Gravel 
rown, dry, loose to compact. 


REFUSE 
Black, paper, plastic, wood, moist, strong odour. 


CEAVEYSSIE 
Reddish-brown, trace fine gravel, moist to saturated, 


Red, fractured, dry to moist. 


14.17m - End of Borehole 

Notes: 

(1) Monitoring well constructed of 50mm diameter, 
Sch. 40, PVC riser pipe with a 3.05m long, No. 10 
slot, PVC well screen. 

(2) Water level measured on May 5, 1998 at 6.55 
metres below ground surtace. 

(3) This borehole was drilled in association with Peto 
MacCallum. 
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LOCATION: Rennie Street Landfill, Hamilton, Ontario 


INSPECTOR: SLS 


A bs SAMPLE > N VALUE (Q) 
ene in =| w | % |o| (Blows/0.3m) 

o- w}>} w a 
Eel ay, (oe DESCRIPTION a z a |2| 2 |2%| 20 40 60 80 |stick Up 
a = Set aon! ey | Sse 73 cm 
= a 2/2) 7 We ee 
= i Pee 


este 
Kexesd Sand and Gravel : eee = 
Ree Brown, dry, loose to compact. 5 ae re 
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REFUSE ) 
Paper, plastic, wood, debms. 
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> 
“nA 


- 


CLAYEN SIET 
Reddish-brown, trace fine gravel, moist to saturated, 16 
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1 
, massive. 
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yy SHALE 
70.7 3 pea Red, fractured, dry to moist. 


19 SJ AS 
14.0 14.02m - End of borehole | 
Notes: 
(1) Monitoring well constructed of 50mm diameter, 
Sch. 40, flush threaded, PVC riser pipe with a 3.05m 
long, No. 10 slot PVC well screen. 
(2) Water level measured on May 5, 1998 at 5.15 
metres below ground surface. 
(3) This borehole was drilled in assocaiation with Peto 
MacCallum. 
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LOCATION: Rennie Street Landfill, Hamilton, Ontario 
a e) 
é H a 
¥ ee |S 
x ae DESCRIPTION a |& 
= £- x jl 
7 > =) = 
Q a z\z 
Raed FILL scace AS 
Rae Sand and Gravel eee 
on 
14 of Brown, dry, loose to compact. 5 = re 
se 3} = AS 
a eee | 
ee + ey AS 
35 pees : 
Kasse See 
Peececed 5 Kf AS 
Ba : 
44 30.6 Bee 6 eq AS 
4.3 |@@ REFUSE 
A Black, paper, plastic, wood, debris. of AS 
5+ 4 
1 : 
8 AS 
6- ‘ 
an 9 4 AS 
74 | 
4 1 10 AS 
85 4 11 AS 
a 
ee 12 AS 
95 P| c 
q 13 BI AS 
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4 
114 < 
11:3 ah CLAYEY SILT 
LM Reddish-brown, trace fine gravel, moist to saturated, 
125 004 massive 
72.0 Y i 
134 12.8 P ~.] GRAVEL 
Wes Ie es 
13.4 SHALE 
144 70.8 Red, fractured, dry to moist. 
14.0 14.02m - End of Borehole 
Notes: 
154 (1) Monitoring well constructed of 50mm diameter, 
Sch. 40, tlush threaded, PVC riser pipe with a 3.05m 
long, No. 10 slot PVC well screen. 
164 (2) Water level measured on May 5, 1998 at 6.43 
metres below the top of the pipe. 
(3) This borehole was drilled in association with Peto 
MacCallum. 
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PROJECT No. 
DATUM: Geodetic 


Rennie Street Landfill, Hamilton, Ontario 


= | 
so [o ae 
S95 DESCRIPTION anh aey 
x = lw 
> 2 |r! 
” Ps ml 


4 1 xe 
Raed Sand and Gravel = 
Resesey Dark brown, some silt, very poorly sorted, dry, loose. A 
REG Tocca) 
sseesq 1.3m - Spoon refusal on concrete. 2 
Sed FILL Roose] 
SG ' Sh legere 
eres Clayey Silt state 
Soxct. Dark brown-red-black, some sand and gravel, poorly a 
ROOOF + <o 
ee in Ae Re Ahn. 4 Be 
Rey FILL cs 
peetecs Clayey Silt 5 aS 
See) Grey-dark grey, some stones | to 30mm long present, eee 

m\moist, blocky. cases 

{Organic material present. 6 a 

S| REFUSE 

y Black, paper, plastic, wood, debris. 


f Odour present. 


Becoming saturated. 


Ui] CLAYEY SILT 
eal Red, moist, massive, no stones, native. 

10.52m - End of Borehole 

Notes: 

(1) Monitoring well constructed of 50mm diameter, 
Sch. 40, flush threaded, PVC riser pipe with a 3.05m 
long, No. 10 slot PVC well screen. 

(2) Water level measured on May 5S, 1998 at 5.91 
metres below ground surface. 
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Rennie Street Landfill, Hamilton, Ontario 
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WBC Red, stiff, some stones. 
11.3 11.28m - End of Borehole 


Notes: 
(1) No monitoring well installed. Backfilled with dnil 
cuttings. 
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PROJECT No. 96-3364-17 | BOREHOLE No. MW6-28 | 


DATUM: Geodetic | Sheet Ll Vor Fil 


DILLON 


LOCATION: Rennie Street Landfill, Hamilton, Ontario INSPECTOR: SLS 
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107 9.8 Hf} CLAYEY SILT 17 S44 as 
74.5 Red, moist, dense, massive, some stones. i ao 
10.4 10.37m - End of Borehole | 
114 Notes: 
(1) Monitoring well constructed of SOmm diameter 
Sch. 40, flush threaded PVC riser pipe with a 3.05m 
124 long, No. 10 slot well screen. 
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<4 
4 


weteteres 


rates 
rer erorereren 


{ Clayey Silt 


PROJECT No. 
DATUM: 


DESCRIPTION 


ee Se Pe a 


Red, firm, massive, some stones. 


3.1m - Becoming grey, with increasing moisture 
content. 


WASTE 
Paper, wood, plastic and debns. 


CLAVE SIE 

Red, some fine gravel. 

12.04m - End of Borehole 
Notes: 

(1) No monitoring well installed. 
cuttings. 


Back filled with drill 
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0.4 ZY 
777}, Brown, wet, stiff, iron oxidation, grey mottling. 
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PROJECT No. 
DATUM: 


DESCRIPTION 


LOG 


Reddish brown, moist, loose, some clay, cement 
fragments. 
ild hydrocarbon odour detected. 


“| CLAY AND SAND 


‘Moderate hydrocarbon odour detected. 4 
CLAY hs : i 

Greyish brown, dry, stiff, red streaks. 

Slight hydrocarbon odour detected. 

2.15m - No hydrocarbon odour detected. 

3.05m - Becoming moist. 


Red, moist, stiff, trace gravel, very weathered. 
5.34m - End of borehole 

Notes: 

(1) Monitoring well constructed of 50mm diameter, 
Sch. 40, flush-threaded, PVC riser with a 3.05m long, 
No. 10 slot screen. 

(2) Water level taken on October 1, 1998 at 3.85 
metres below ground surface. 
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Rennie Street Landfill 
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DESCRIPTION 
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<4 FILL - Sand and gravel 
oe Light brown, dry, loose, fine to medium grained sand, 


RSs Sey" 
Rad FILL Silty clay 


ed, Light brown, dry, dense, minor gravel. 
RS 
Kexed Rubble, concrete, and asphalt present. 


Seetet Snoop noe Soi IS 


Rese FILL ~ Silty clay 


SA 


N\Rubble and concrete present. 
REFUSE 

Bm! Black, moist. 

Slight odour present. 


PM Papers, metal, glass present. 


a Waxed paper present. 


< 
® Shingles and roofing material present. 


3 Hi SILTY CLAY 

Red, moist, soft. 

9.75m - End of Borehole 

Notes: 

(1) Monitoring weil constructed of 50mm diameter, 
Sch. 40, flush-threaded, PVC riser pipe with a 1.52in 
long, No. 10 slot, screen. 

(2) Water level was taken on October 13, 1998 at 5.49 
metres below ground surface. 
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Rennie Street Landfill 


DESCRIPTION 
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O00 
ACF 


Keexg FILL - Silty clay 
¢{ Dark brown to red, dry, loose, some sand, some pit 
Sq run gravel, poorly sorted. 

x Concrete rubble, bricks present. 


f Silty clay, moist, with refuse present. 


MMR CEUSE: hue a ae ge ee 
f Black, wet, loose, strong odour detected. 
> Wood fragments, shingle fragments present. 
| Newspapers present. 


< 
4q 
4 
p Waxed paper present. 
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i Silty clay 
Grey, moist, soft, some gravel, some red clay. 
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4 


> Black, wet, loose, strong odour detected. 
y Wood fragments, shingles, newspapers. 
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(}}] SILTY CLAY 

Red moist, soft. 

12.80m - End of Borehole 
Notes: 

(1) Monitoring well constructed of 50mm diameter, 
Sch. 40, flush-threaded, PVC riser pipe with a 3.05m 
long, No. LO slot, screen. 

(2) Water level was measured on October 13, 1998 at 
5.49 metres below ground surface. 
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70.4 asi Grey, moist, soft. 
174 16.8 16.77m - End of Borehole - Spoon Retusal. 
Notes: 
(1) Monitoring well constructed of 50mm diameter, 
13- Sch. 40, flush-chreaded, PVC riser pipe, witha 3.05m | 


long, No. 10 slot, screen. | 
(2) Water level measured on October 13, 1998 at | | 
11.68 metres below ground surtace. | eal 
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ie (1) No monitoring well installed. Backfilled with dnl 
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| (Brown to red, wet. loose, fine grained. | 
f REFUSE 
Silty clay, black, wet. 

| Glass present. 

Wood, papers, glass present. 
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10-4 | See ee eee ee PRESS 


ise, NE 
Me UM SILTY CLAY 10 S44 AS | 6 | 25 0 Se 
Ae Red, moist, soft. | | 
li 11.28m - End of Borehole 
Notes: 
(1) No monitoring weil installed. Backtilled with dnill 
cuttings to grade. 
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Project No: 00-7447 


Project: Rennie Street Landfill Investigation 


Borehole ID: MW6-47 a 


Client: Region of Hamilton Wentworth Enclosure: | 
i DILLON 


Location: Rennie eet Land Supervised By: M CONSULTING 


SUBSURFACE PROFILE SAMPLE DATA ORGANIC VAPOUR | 


® Vole @ 


50| 75 
ie i 


Description 
& 


Elevation 
Blow Count 


ppm é 
Mey 200 300 
1 L 


—_— 
RAO ODMDNMDNFSWNH-O 


mals 


EN 
OF WN 
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Ground Surface : ie : 

FILL ! 4M q@ Stickup 0.8m 
Sand and Gravel to silt, brown, dry, : 
contains asphalt debris, damp 


bentonite seal 


sped gluing > Depth 


Rc eGuat 
eke re RD 


shetitit tata aP tates ht ah 


WASTE 


Black sandy silty, damp to wet, 
contains paper and plastic debris 
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A eee ee eee 


Laut 
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becoming wet 


be be be be 
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sith 


Water level on 
05/15/00 
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oily sheen on waste 
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End of Borehole 


Drilled By: Atcost Soil Dnilling Inc. Dillon Consulting Limited Hole Size: 21.6 cm (8.5 inch) 


Drill Method: Hollow Stem Augers 1425 Bishop Street Datum: metres above sea level 
Drill Date: May 1, 2000 Cambridge, Ontario, NIR 6J9 Sheet: 1 of 1 


Vapour Unit: eppm ace oat Top of Pipe: 85.63 


Project No: 00-7447 


Borehole ID: MW6-48 


Project: Rennie Street Landfill Investigation 
Client: Region of Hamilton Wentworth Enclosure: | 


Supervised By: M 


SUBSURFACE PROFILE SAMPLE DATA ORGANIC VAPOUR 
%LEL 
50 
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Description 


FY A 


Depth 
Elevation 
Blow Count 


ppm 
100 200 300 
ft fl L 


fy 
© 
a) 
o 
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DILLON 


CONSULTING 


= 
=| 


[ Ground Surface 
TOP SOIL 


oO 


MATT uf 


It 


japEje 

Silty sand and gravel to clayey silt, dry 
to damp, with some asphalt and brick 
debris. 


be 


WASTE 


Black, damp to wet, contains paper 
plastic, wood, and rubber debris 
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End of Borehole 


Drilled By: Atcost Soil Dmilling Inc. 


be U6 o ee Be 
gS Peat Eee Peay 


is res Stickup 0.75 m 
ace 
J) fe: 


Water level on 
05/15/00 


Dillon Consulting Limited Hole Size: 21.6 cm (8.5 inch) 


Drill Method: Hollow Stem Augers 1425 Bishop Street Datum: metres above sea level 
Drill Date: May 1, 2000 Cambridge, Ontario, NIR 6J9 Sheet: 1 of 1 


Vapour Unit: eppm (519) 623-6761 


Top of Pipe: 87.84 


Project No: 00-7447 


Project: Rennie Street Landfill Investigation 


Borehole ID: MW6-49A a 


Client: Region of Hamilton Wentworth Enclosure: | 


DILLON 


Supervised By: CONSULTING 


SUBSURFACE PROFILE SAMPLE DATA | ORGANIC VAPOUR | 


Depth 
Elevation 


| 


aE Remarks 
Description 


Blow Count 


A ppm 
100 200 300 
ake | a= 


= 


WN =O OONDnFWNH-O 


pe 


3| 


Ground Surface ie 
FILL (inferred from MW6-49B) oe *.¢  Stickup 0.82m 
Sand and gravel to silty sand, brown, peace sic 

dry to moist, some clay. 


CLAYEY SILT 


Red-brown to grey, trace small gravel, | 
damp 05/15/00 


N 


Water level on 


w 


SHALE(WEATHERED) 
weathered, damp, reddish brown, 
generally weathered to silty sand with 
some portions being clayey silt 


So be Wl aT Se | 


Red/grey, mottled, some voids, 
fractured sections 


End of Borehole 


Drilled By: Atcost Soil Dmilling Inc. Dillon Consulting Limited Hole Size: 21.6 cm (8.5 inch) 


Drill Method: Hollow Stem Augers 1425 Bishop Street Datum: metres above sea level 
Drill Date: May 2, 2000 Cambridge, Ontario, NIR 6J9 Sheet: | of 1 


Vapour Unit: eppm (512) 1623-6761 Top of Pipe: 85.16 


Project No: 00-7447 Borehole ID: MW6-49B a 


Project: Rennie Street Landfill Investigation 


Client: Region of Hamilton Wentworth Enclosure: | DILLON 


CONSULTING é€ 


Supervised By: 


SUBSURFACE PROFILE SAMPLE DATA ORGANIC VAPOUR 
+ @e %LEL @ 
25 50 


i | 


Description 


Elevation 
Blow Count 
Well Data 


a ppm a 
100 200 300 
! =I a 


— 


=| 


Ground Surface 


FILL tiga 4 Stickup 0.77 m 
Sand and gravel to silty sand, brown, ee i 
dry to moist, some clay. 


[ 4 
CEAV Eyasiial 
native, brown to red-brown, damp 


l= Depth 


Augered to 
6.24 m, cored 
below that 
depth 


SHALE (WEATHERED) 
weathered, damp, reddish brown, 
generally weathered to silty sand with 
some portions being clayey silt 


ees et ee eee eee 


Water level on 


05/15/00 


SHALE 
Red/grey mottled, some voids, 
fractured sections 
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End of Borehole 


Drilled By: Atcost Soil Dmilling Inc. Dillon Consulting Limited Hole Size: Cored Hole 7.62 cm 


Dnill Method: Hollow Stem Augers 1425 Bishop Street Datum: metres above sea level 


Drill Date: May 2, 2000 Cambridge, Ontario, NIR 6J9 Sheet: 1 of 1 


(519) 623-6761 


Vapour Unit: eppm Top of Pipe: 85.102 


Project No: 00-7447 


Project: Rennie Street Landfill Investigation 


Borehole ID: MW6-50 —a 


Client: Region of Hamilton Wentworth Enclosure: | 
DILLON 
Location: l Supervised By: CONSULTING 
SUBSURFACE PROFILE SAMPLE DATA | ORGANIC VAPOLR | 
3 | ap el Te. “ie 6 | 
| Se a3) *5{0) 74s | | 
| see c a rag — | £ 1 Remaiks 
s | Description g o 2180 es | 
Be | Ss fe; ale|8]/e] 4. pm a] = 
s\3 [a l2)ela|e|e | 2 20 20 |e | 
ot" Ground Surface | 83.207/ | se ae [- | 
1= E TOP SOIL Stickup 0.51m 
ae ; brown, sandy silt to gravel, moist i. 
re \ / | 81.912 
5s WASTE / | 
s> 2 black stained, silty gravel, moist, : 
33° CSE LS eae eee! Water level on 
10 3 rel | 05/15/00 
142 Brown, some sand, trace gravel, damp 
12 becoming moist at depth 
13 4 
4S. 
15 
ee 
17 Bes Rare 
18 Pa eatey 
19 
204-6 
a End of Borehole | 
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Dnilled By: Atcost Soil Dniling Inc. Dillon Consulting Limited Hole Size: 21.6 cm (8.5 inch) 


Drill Method: Hollow Stem Augers 1425 Bishop Street Datum: metres above sea level 
Dnill Date: May 3, 2000 Cambridge, Ontario, NIR 6J9 Cheee [aha 


519) 623-6761 ‘ ee 
Vapour Unit: eppm ( ) Top of Pipe: 83.715 


Project No: 00-7447 


Project: Rennie Street Landfill 


Borehole ID: MW6-51A aa 


Client: Region of Hamilton Wentworth Enclosure: | DILLON € 


Supervised Bv: | CONSULTING 


SUBSURFACE PROFILE SAMPLE DATA | oRGANIC VAPOUR 


ai @ %LEL @ 


Xs 30) 
== EE 


Remarks 
Description 
A ppm A 

100 200 300 


Well Data 


Depth 

Elevation 
Recovery % 

Blow Count 


3 
3 


| Ground Surface 


SANDY SILT | 3 (ley Stickup 0.75m 
ilt wi (4 concrete seal 
Sandy silt with some gravel, brown, dry ne AL! Water level 


to moist. OE eee 15/05/00 


=> (=) 


ine) 


CLAY ere 
brown, damp, trace silt, some oe mat zr 
grey/black staining Os 

: 2A? 4 Pipe 3.2 cm. dia. 
SHALE ipe pushed 


weathered, damp, reddish brown, Kg into Bae. 
generally weathered to silty sand with io) eee 
some portions being clayey silt p ; 


End of Borehole 
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Dnilled By: Sonic Soil Sampling Inc. Dillon Consulting Limited Hole Size: 5.0 cm (2 inches) 


Dnill Method: Pionjar 120 1425 Bishop Street Datum: metres above sea level 
Drill Date: May__, 2000 Cambridge, Ontario, NIR 6J9 Sheet: | of | 


Vapour Unit: eppm oe os Top of Pipe: 


Project No: 00-7447 
Project: Rennie Street Landfill Investigation 
Client: Region of Hamilton Wentworth 


Location: 


SUBSURFACE PROFILE 


Borehole 1D: MW6-51B 


Enclosure: | 


Description 


a ee ee cee Se em 


Ground Surface 
SANDY SILT 


Sandy silt with some gravel, brown, dry 
to moist. 


CLAY 


brown, damp, trace silt, some 
grey/black staining, moist. 


SHALE (WEATHERED) 


weathered, damp, reddish brown, 
generally weathered to silty sand with 
some portions being clayey silt. 
Bedrock becoming more competant at 
bottom. 


End of Borehole 


Dniled By: Sonic Soil Sampling Inc. 
Dnill Method: Pionjar 120 

Dnill Date: May 10, 2000 

Vapour Unit: eppm 


DILLON 


Supervised By: V CONSULTING 
| SAMPLEDATA _| ORGANIC VAPOUR 
| itoat| | @ %LEL @ | 
So) eee | 25 Ome | 
eS ns | eat S| Bs.) Remarks 
27a) he. S Le a 
Q 
é Sy eearcs | Me oe 3 
a) Ss o | 2 } 
WW FEL, e B [ad yl yea) Me ae — = = 
| 76.028 | 
ix @ ‘e i Stickup 1.05 m 
a ‘w= Water level 
| | | Bee 15/05/00 
| A Ee i 
| 74.504 oe, oe 
\ O Ms 4 
3 11 SS 87 - A aq a4 
rec! fe: 
| \ te 2-@ Pipe 3.2 cm. dia. 
Ce as A ‘1% «~~ Pipe pushed 
| rey @a into place. 
x fel fe. No sand pack 
(ee possible. 
vi ‘eae Concrete seal 
' Te at surface 
\ (i VA 4 
A eo WS E 


| 70.846 | 


Dillon Consulting Limited 

1425 Bishop Street 
Cambridge, Ontario, NIR 6J9 
(519) 623-6761 


Sheet: | of | 


Top of Pipe: 77. 


Hole Size: 5.0 cm (2 inches) 


Datum: metres above sea level 


O84 


ee Borehole ID: MW6-52A a 


Project: Rennie Street Landfill Investigation 


Client: Region of Hamilton Wentworth Enclosure: DILLON 
: . CONSULTING 


SUBSURFACE PROFILE SAMPLE DATA | ORGANIC VAPOUR 
| . | |e %LEL e@ 
50 


| Remarks 


Description 
é ppm 
100 200 300 


Elevation 
Blow Count 
Well Data 


Ground Surface 
SANDY SILT 5 Stickup 0.96m 
Water level = 
Sandy silt trace gravel, moist. 75.94 
15/05/00 
CLAY | Pipe 3.2 cm. dia. 
: | ipe pushed 
reddish brown, trace silt, some | 78k into place. 


rey/black staining, moist No sand pack 
ee Concrete seal 


End of Borehole | at surface 
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Dnilled By: Sonic Soil Sampling Inc. Dillon Consulting Limited Hole Size: 5.0 cm (2 inches) 
Dnil Method: Pionjar 120 1425 Bishop Street Datum: metres above sea level 


Dnill Date: May 9, 2000 Cambridge, Ontario, NIR 6J9 Sheet: | of | 


Vapour Unit: eppm (S19) 623-6701 Top of Pipe: 76.288 


Project No: 00-7447 
Project: Rennie Street Landfill Investigation 


Client: Region of Hamilton Wentworth 


WN -OODNAHAFLWNH-O 


Borehole ID: MW6-52B 


Enclosure: | 


DILLON 
Location: R CONSULTING 
SUBSURFACE PROFILE SAMPLE DATA ORGANIC VAPOUR | 
| | | @ %LEL @.| 
32 | a 255 SO iS | 
ae ae aes oe ae at oS Remarks 
e 3 Description AS) e Ce as: | | 
—) wo | 
Be ae 6 15) 38/5 8) 8 “soo 200 30° | 3 
i) no wi ZiF In| oe}]a i L bos 
m |_| Ground Surface [75.333 | it 
0 / roun | 5 | | 
= SANDY SILT | beg om Stickup 0.91m 
= , Sandy silt trace gravel, moist. i \ aa an ae ae 
ee bog ae Water level 
=3 | reddish brown, trace silt, some a ed ey TSE 
= ee grey/black staining, moist | aq 
a ea Oa 
= \ \@.4 2.4 Pipe 3.2 cm. dia. 
A Oo 68. ipe pushed 
Ee / oe la into place. 
re te,—le ; No sand pack 
/ oc es 
‘ IP te P 
i OVS 


End of Borehole 


Drilled By: Sonic Soil Sampling Inc. 
Dnill Method: Pionjar 120 

Dnill Date: May 9, 2000 

Vapour Unit: eppm 


Dillon Consulting Limited 
1425 Bishop Street 
Cambridge, Ontario, NIR 6J9 
(519) 623-6761 


Hole Size: 5.0 cm (2 inches) 
Datum: metres above sea level 
Sheet: | of | 

Top of Pipe: 76.246 


Project No: 00-7447 


Project: Rennie Street Landfill Investigation 


Borehole ID: MW6-53A aa 


Client: Region of Hamilton Wentworth Enclosure: | DILLON © 


Supervised By: CONSULTING 


SUBSURFACE PROFILE SAMPLEDATA _| ORGANIC VAPOUR | 


Tr T 


Remarks 
Description 
A 


Blow Count 
Well Data 


ppm 
100 200 300 
=a 


= 


oo 


—-- 


Ground Surface ; 
TOP SOIL | | jeg Stickup 0.76m 
Sandy silt trace gravel, moist. = Wal I vel 


SANDY SILT 
brown, some qrey/black staining, wet 


SILTY CLAY 


redish brown, with grey/black staining, 
wet Z| 


End of Borehole 


{ Pipe 3.2 cm. dia. 


ipe pushed 

into place. 
No sand pack 
Concrete seal 


at surface 
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Drilled By: Sonic Soil Sampling Inc. Hole Size: 5.0 cm (2 inches) 


Dillon Consulting Limited 
Dnill Method: Pionjar 120 1425 Bishop Street 
Drill Date: May 10, 2000 Cambridge, Ontario, NIR 6J9 


519) 623-67 
Vapour Unit: eppm ( oes IS Top of Pipe: 76.80 


Datum: metres above sea level 


Sheet: | of 1 


Project No: 00-7447 


Borehole ID: MW6-53B 


Project: Rennie Street Landfill Investigation 


Client: Region of Hamilton Wentworth Enclosure: | 
DILLON 
Location: Supervised By: CONSULTING 
SUBSURFACE PROFILE hs SAMPLE DATA | ORGANIC VAPOUR | 
; | @ %LEL @ | 
32 = 25 OO eS | 
oa = a See ; 9 Remarks 
. = Description Ss oS ae) | ees 
a ie eM te tices] aca sal 
iD = ® =) Ss || gy | wy 1) S 100 200 300 | ol 
fa a wi ahs sci) ae. || S| es b See! 
0 " Ground Surface | 16042 | | a 
1 = TOP SOIL | eo) ‘e j Stickup 0.80m 
2 * i ‘s ‘a Water level 
3 if Sandy silt trace gravel, moist. lee rey 15/05/00 
4 oe bee pe 
seit, led le 
6=> aq a4 
7= : ke. le! 
aS | SILTY CLAY t@ [2:4 Pipe 3.2 cm. dia. 
9 | eer ipe pushed 
10=- 3 red-brown, with grey/black staining, ok ms into place. 
1 :@. te. No sand pack 
123 [== leg ‘as Concrete seal 
Th Pee Coe at surface 
14 | weathered, damp, reddish brown, ‘eile, 
15 E generally weathered to a silty sand with aq e4 
ie 5 |: some portions being redish brown clay. '@\_@ ‘ 
ee Met 
19 fee is| 
20 6 f “. = 7 
Pa End of Borehole 
22 
23 if | 
24 | 
38 
3 | 
27 
38 | 
29 | 
30 : | | 
31 | 
32 | | 


Drilled By: Sonic Soil Sampling Inc. Dillon Consulting Limited Hole Size: 5.0 cm (2 inches) 


Dnil Method: Pionjar 120 1425 Bishop Street Datum: metres above sea level 
Drill Date: May 10, 2000 Cambridge, Ontario, NIR 6J9 Sheet? | of | 


519) 623-6761 : ee 
Vapour Unit: eppm ( ) Top of Pipe: 76.837 


Project: Rennie Street Landfill Investigation 


Project No: 00-7447 Borehole ID: BH6-54 a 


Client: Region of Hamilton Wentworth Enclosure: | DILLON © 
i CONSULTING 


SUBSURFACE PROFILE SAMPLE DATA | ORGANIC VAPOUR 


® %LEL ® 


fey 30). if) 
[eee eee 


Description 
A ppm A 
100 200 300 


Blow Count 
Well Data 


©] Elevation 


A 
@ 


Ground Surface 
FILL 


brown clayey silt with trace sand, 
contains asphalt and concrete. 


i=) 
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becoming wet 


Ne 


SANDY SILT 
brown, with some gravel, wet 


ine) 


Ww 


SAND 


brown, with some silt and gravel, 
saturated 


End of Borehole 
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Dniled By: Sonic Soil Sampling Inc. Dillon Consulting Limited Hole Size: 5.0 cm (2 inches) 


Drill Method: Pionjar 120 1425 Bishop Street Datum: metres above sea level 


Dnil Date: May 11, 2000 Cambridge, Ontario, NIR 6J9 Sheet orl 
(519) 623-6761 


Vapour Unit: eppm Top of Pipe: N/A 


Project No: 00-7447 


Project: Rennie Street Landfill Investigation 


Borehole ID: BH6-55 a 


Client: Region of Hamilton Wentworth Enclosure: | 
DILLON 


Location: | Supervised By: CONSULTING 


SUBSURFACE PROFILE SAMPLE DATA | ORGANIC VAPOUR | 
| | | | | @ %LEL eo 
| Slee 25 OOM 5 
| ae S onal i ay Pace es Remarks 
S | Description xe) D oi 618 
£ 4 | o 2 | a! 3 | 
Se ed eee Gere eas “aogp on eaoee 
| = & o 2 
Q on | WwW Fis = (2p) | & | a (ai 1 
Aulus | Ground Surface | [ 
ea TOP SOIL 
cn FILL 
1 zs reddish brown clay with trace gravel, to 
ai sandy silt, contains asphalt and glass 
@| : debris. 
2-7 OE: 
4 | 
z| 
ee ole: 
3-4 a 
a 
1 Ff: 
5 ol Se 
=) i sample = wet for 1.5- 1.8m 
. below which it becomes damp 
4 “ due to higher silt content 
4-2 |: 
7, 
J a 
st 
1 becoming saturated 
=e 
+ | 
9-4 End of Borehole | | | 
-\5 | 
4 | 
ior? | | 
Ie 
14 | | 
{- | | | 
4 | | | | 
re yeah wen | 
7 | | | | | 
137 4 | | | 
7 | | | | 
14 
ist | 
3 
ed : 
+5 | | 
Dnilled By: Sonic Soil Sampling Inc. Dillon Consulting Limited Hole Size: 5.0 cm (2 inches) 
Dnill Method: Pionjar 120 1425 Bishop Street Datum: metres above sea level 


Drill Date: May 11, 2000 Cambridge, Ontario, NIR 6J9 Sheet: | of | 


519) 623-6761 : 
Vapour Unit: eppm ( ) Top of Pipe: N/A 


Project No: 00-7447 


Project: Rennie Street Landfill Investigation 


Borehole ID: BH6-56 > 


Client: Region of Hamilton Wentworth Enclosure: | DILLON © 


Location: iG et Lana Supervised By: | CONSUTLAING 


SUBSURFACE PROFILE | SAMPLE DATA ORGANIC VAPOUR | 


| @ %LEL @ 
Psy 0) fs 

| a es ees 

Description | 


| 


af ppm rN 
100 200 300 


Symbol 
Elevation 
Blow Count 
Well Data 


ey 


Ground Surface 
Filste 


reddish brown clayey silt, trace gravel 
contains asphalt debris 
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aS 
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WASTE 


black, damp to wet, glass paper, metal 
and cardboard. 
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End of Borehole 
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Dniled By: Sonic Soil Sampling Inc. Hole Size: 5.0 cm (2 inches) 


Dillon Consulting Limited 
Dnill Method: Pionjar 120 1425 Bishop Street Datum: metres above sea level 
Dnill Date: May 11, 2000 Cambridge, Ontario, NIR 6J9 Sheet: | of 1 


Vapour Unit: eppm (519) 625-6761 Top of Pipe: N/A 
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Project No: 00-7447 


Project: Rennie Street Landfill Investigation 


Borehole ID: MW6-57 a 


Client: Region of Hamilton Wentworth Enclosure: | 
é DILLON 


Location: R G eet La Supervised By: CONSULTING 


SUBSURFACE PROFILE SAMPLE DATA ORGANIC VAPOUR | 


®@ %LEL ® 


2S 310) 7/5 
1 N (ee 


ee Remarks 
Description 


Elevation 
Blow Count 
Well Data 


A ppm 
100 200 300 
Zeiss 1 


Ground Surface 

TOP SOIL 

brown silty sand, trace gravel 
SILTY CLAY 

reddish brown, trace gravel, dry 


Stickup 1.03m 


i 


: 


Ot See See et Se St Se See SST ES 


SAS 


— 


SN 


ae ee eee ee ee 


15/05/00 


SHALE 

weathered, damp, reddish brown, 
generally weathered to silty sand with 
some portions being silty clay. 


nN 
‘oo: oe: 


‘q Pipe 3.2 cm. dia. 
Pipe pushed 


TET 


into place. 


No sand pack 


Ain 


| 


Water level 


i 


Ww 


End of Borehole 
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Dnilled By: Sonic Soil Sampling Inc. Dillon Consulting Limited Hole Size: 5.0 cm (2 inches) 
Dnil Method: Pionjar 120 1425 Bishop Street Datum: metres above sea level 


Dnill Date: May 12, 2000 Cambridge, Ontario, NIR 6J9 Sheet: | of | 


519) 623-6761 : : 
Vapour Unit: eppm ( ) Top of Pipe: 84.594 


es Borehole ID: MW6-58A a 


Project: Rennie Street Landfill Investigation 


Client: Region of Hamilton Wentworth Enclosure: | DILLON 
i l Supervised By: CONSULTING 


SUBSURFACE PROFILE SAMPLE DATA ORGANIC VAPOUR 


® %LEL ® 
Pky 150) 7S) 
ee (Rare al i 


Remarks 
Description 


Blow Count 
Well Data 


A ppm a 
100 200 300 
| at 


Depth 
Elevation 


= 
S 


Ground Surface 


FILL Stickup 0.74 m 
Sand and gravel mixed with some grey 
slag like material and brick debris, dry, 
becoming a reddish brown / grey sandy 
silt 


my = Oo 
(=) 


Ww 
— 


Water level on 
07/06/00 


- 


on 


SANDY SILT 


Reddish brown, dry, mottled with some 
grey colouring at 1.5 to 2.1 m. 
Weathered shale fragments observed 
at 3.05 m. 


i) 


i: plya lagi ala lah upliuala hppa 


Ww 


SHALE (WEATHERED) 


Red / grey some voids and fractured 
sections. 


End of Borehole 


Dniled By: Atcost Soil Dnilling Inc. Dillon Consulting Limited Hole Size: Cored Hole 7.62cm 


Drill Method: Hollow Stem Augers/ HQ cores 1425 Bishop Street Datum: metres above sea level 


Drill Date: July 5, 2000 Cambridge, Ontario, NIR 6J9 Sheet: | of | 
(519) 623-6761 


Vapour Unit: eppm Top of Pipe: 


Project No: 00-7447 


Project: Rennie Street Landfill Investigation 


Client: Region of Hamilton Wentworth 


Location: R 


Borehole ID: MW6-58B 


Enclosure: | 


Supervised By: M 


\ aa 


DILLON 


CONSULTING 


SUBSURFACE PROFILE 


SAMPLE DATA 


ORGANIC VAPOUR 


Sand and gravel mixed with some grey 
slag like material and some brick 
debris, dry. Becoming a reddish 
brown/ grey sandy silt, dry. 


SANDY SILT 


Reddish brown, dry, mottled with some 
grey colouring at 1.5 to 2.1 m. 
Weathered shale fragments observed 
at 3.05 m. 


ay ae a @ %LEL e@ 
Se | 26 so 765 
Ae S e roan ee On aoa oa Remarks 
3 Description B= ® Pee NS 5 
fe Oa © 2 eal ei = 
a | € BS oe elo | S| "oo Soo soo, |S 
a e oS ete et a ee et = 
2 a aa! | 
m Ground Surface 
Pn fe FILL Stickup 0.6 m 


Zl 


80.037 


50 


SHALE (WEATHERED) 


Weathered, reddish-brown generally 
weathered to silty sand. 


Red / grey some voids and fractured 
sections. 


Oxidation visible in some fractures 
at 4.8m 


Calcite precipitate visible in voids 
and fractures 


Water level on 


q 
n 07/06/00 
se. 
a 
a4 
“ 
a 
¢.| Pipe diameter 
“4 1 inch 
es | 
°.'q 
5 Augered to 
4 4.6m, cored 


below that 
depth 


Drilled By: Atcost Soil Dniling Inc. Hole Size: Cored Hole 7.62cm 


Drill Method: Hollow Stem Augers/ HQ cores 
Dnill Date: July 5, 2000 
Vapour Unit: eppm 


Dillon Consulting Limited 
1425 Bishop Street 


Datum: metres above sea level 
Sheet: | of 1 


Cambridge, Ontario, N1R 6J9 
(519) 623-6761 


Top of Pipe: 


Project No: 00-7447 Borehole ID: MW6-59 a 


Project: Rennie Street Landfill Investigation 


Client: Region of Hamilton Wentworth Enclosure: | DILLON ; 
Supervised By: M CONSULTING 


SUBSURFACE PROFILE SAMPLE DATA ORGANIC VAPOUR 


Remarks 


Description 
A 


ppm 
100 200 300 


Elevation 
Blow Count | 
Well Data 


Ground Surface 
FILL Stickdown 


Sand and Gravel mixed with some O4nm 
grey slag like material, dry. Becoming ‘ 

wet reddish brown silty clay at 0.76 m 
with some organic soil/ debris. 


WASTE 
Black stained, containing wood, paper, 


Water level on 
07/06/00 


iS 


Laat 


KP 
HR RR ER ae 
HRN TMA = 


plastic, some metal, some glass and 
possible recycled roofing material, 
refuse odour. 
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Riek k- 


kee 


SHALE (WEATHERED) 
Weathered reddish brown, wet, 
generally weathered to silty sand with 
some portions being clayey silt. 


End of Borehole 


Hole Size: 21.6 cm (8.5 inch) 


Dnilled By: Atcost Soil Drilling Inc. Dillon Consulting Limited 
Dnill Method: Hollow Stem Augers 1425 Bishop Street Datum: metres above sea level 


Cambridge, Ontario, N1R 6J9 Sheet: | of 1 


Drill Date: July 5, 2000 
(519) 023-6761 Top of Pipe: 85.63 


Vapour Unit: eppm 


Project: Rennie Street Landfill Investigation 


Project No: 00-7447 Borehole ID: MW6-60 a 


Client: Region of Hamilton Wentworth Enclosure: | 
| DILLON 


Location: R Supervised By: M CONSULTING 


SUBSURFACE PROFILE SAMPLE DATA ORGANIC VAPOUR 


| 


‘| @ %LEL e@ 
25 50 75 


—— Remarks 


Description 


aA A 


Well Data 


ppm 
100 200 300 
! N 


Elevation 
| Blow Count 


Ground Surface | 
FILL e Stickdown 0.1m 


Sand and gravel, brown, moist, mixed 
with some old asphalt, brick and 
organic debris, some reddish brown 
sandy silt throughout. 


SANDY SILT 
Reddish brown with some gravel, bentonite seal 
uniform, moist, no odour 


Water level on 
07/06/00 


Weathered, moist reddish brown, 
generally weathered to silty sand with 
sime portions being clayey silt. 


SHALE (WEATHERED) 
oni 


End of Borehole 


Drilled By: Atcost Soil Dnilling Inc. Dillon Consulting Limited Hole Size: 21.6 cm (8.5 inch) 


Dnill Method: Hollow Stem Augers 1425 Bishop Street Datum: metres above sea level 
Drill Date: July 4, 2000 Cambridge, Ontario, NIR 6J9 Sheet: 1 of 1 


67 ; 
Vapour Unit: eppm oh eek Top of Pipe: 


Project No: 00-7447 
Project: Rennie Street Landfill Investigation 


Client: Region of Hamilton Wentworth 


SUBSURFACE PROFILE 


Borehole ID: MW6-61 


a 


DILLON 


CONSULTING 


Enclosure: | 


Supervised Bv: M 


SAMPLE DATA __| ORGANIC VAPOUR 


Description 


Depth 


Remarks 


Elevation 
Blow Count 
Well Data 


up ui th lijthyly uf 


a 
3 


Ground Surface 


82.708 


i=) 


FIEE 

Sand and gravel, turning to moist red 
sandy silt containing brick, pottery and 
glass debris. 


—y 


nN 


he 


WASTE 

Black sandy silty, damp to wet, 
contains paper, plastic, wood, and 
rubber debris, refuse odour. 
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CLAYEY SILT 
Reddish brown, moist 


End of Borehole 


Dnilled By: Atcost Soil Dnilling Inc. 
Dnill Method: Hollow Stem Augers 
Dnill Date: July 4, 2000 

Vapour Unit: eppm 


80.422 Ct 


N Stickdown0.14m 


» 


Water level on 
07/06/00 


4 | ss | 


Ss 


Cambridge, Ontario, N1IR 6J9 


Dillon Consulting Limited Hole Size: 21.6 cm (8.5 inch) 


1425 Bishop Street 


Datum: metres above sea level 


Sheet: | of 1 


(519) 623-6761 Topror Ripe 


Project No: 00-7447 


Project: Rennie Street Landfill Investigation 


Borehole ID: BH6-62 a 


Client: Region of Hamilton Wentworth Enclosure: | 
DILLON 


Supervised By: M CONSULTING 


SUBSURFACE PROFILE SAMPLE DATA ORGANIC VAPOUR 


® %LEL ®@ 
200 O07 


1 _t = 


ee Remarks 
Description 
A 


ppm a 
100 200 300 
= eee L 


Blow Count 


Elevation 
Well Data 


=| 


—_—— 


eee ee ee ee es 
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Ground Surface 
FILL 


Sand and gravel, mixed with brick 
debris, turning to brown sandy silt 
containing some brick, and metals 
debris. 


SANDY SILT 
Reddish brown trace gravel. 


End of Borehole 


Dnilled By: Atcost Soil Dniling Inc. Dillon Consulting Limited Hole Size: 21.6 cm (8.5 inch) 
Drill Method: Hollow Stem Augers 1425 Bishop Street Datum: metres above sea level 


Cambridge, Ontario, NIR 6J9 Sheet: 1 of 1 


Dnill Date: July 4, 2000 
; (519) 623-6761 A 
Vapour Unit: eppm Top of Pipe: 


Project No: 00-7447 Borehole ID: MwW6-63 a 


Project: Rennie Street Landfill Investigation 


Client: Region of Hamilton Wentworth Enclosure: | DILLON 
CONSULTING Se 


SAMPLE DATA ORGANIC VAPOUR 
Vk ibaa o.. VleL Te 
25 50 75 
1 ie 1 


Remarks 


Description 


A » 


Blow Count 
Well Data 


ppm 
100 200 300 
aa 1 


Ground Surface 
TOPSOIL 
Brown sandy silt 

“a Stickdown 
SANDY SILT aan 
Reddish brown, uniform, trace gravel, ; 
dry 


oO 
Lipii}s Depth 


oO 


3 
| 
ae 
| Elevation 
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i) 
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> 
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Dry 
07/12/00 


—- 


SHALE (WEATHERED) 
Weathered reddish brown, wet, 
generally weathered to silty sand with 
some grey layers. 


End of Borehole 


Hole Size: 5 cm (2 inch) 


Drilled By: Sonic Soil Sampling Inc. Dillon Consulting Limited 
Drill Method: Pionjar 1425 Bishop Street Datum: metres above sea level 
Cambridge, Ontario, NIR 6J9 Sheetnl of 1 

(519) 623-6761 


Drill Date: July 11, 2000 


Vapour Unit: eppm Top of Pipe: 


Project No: 00-7447 


Project: Rennie Street Landfill Investigation 


Borehole ID: MW6-64 aD 


Client: Region of Hamilton Wentworth Enclosure: | 
: DILLON 


Location: Rennie and Supervised By: CONSULTING 


SUBSURFACE PROFILE SAMPLE DATA ORGANIC VAPOUR 


oe Remarks 
Description 


FN a 


Blow Count 


Elevation 
Well Data 


ppm 
100 200 300 
ey 


| 
| 


Ground Surface 
TOPSOIL 

Brown sandy silt 
SANDY SILT 
Brown, trace gravel, 
SILT 


Reddish brown mottled, trace clay, 
moist. 


Stickdown 
0.1m 


aE Dry 
SHALE (WEATHERED) : 07/12/00 
Weathered reddish brown, wet, ope Bee 


; generally weathered to silty sand with 
some grey layers. 


End of Borehole 


Dnilled By: Sonic Soil Sampling Inc. Dillon Consulting Limited Hole Size: 5 cm (2 inch) 


Drill Method: Pionjar 1425 Bishop Street Datum: metres above sea level 


Drill Date: July 11, 2000 Cambridge, Ontario, NIR 6J9 Sheet: | of | 
(519) 623-6761 


Vapour Unit: eppm Top of Pipe: 


Project No: 00-7447 Borehole ID: MwW6-65 a 


Project: Rennie Street Landfill Investigation 


Client: Region of Hamilton Wentworth Enclosure: | DILLON 
Supervised By: ML CONSULTING € 


SUBSURFACE PROFILE SAMPLE DATA ORGANIC VAPOUR 
e %LEL_ e@ 


PBS) (0) 76S; 
=i N ies 


Remarks 


Description 
A 


Elevation 
Blow Count 
Well Data 


ppm 
100 200 300 
L as 


= Depth 


=| 
foe 


Ground Surface 
TOPSOIL 
Bro dy silt 

ones a Stickdown 
SLAG FILL 0.08 
Grey slag like material. ; 
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73 


SILT 

Reddish brown, trace shale fragments, oe Bas 

dry. | Oy 
ae 07/12/00 


Hititijir fii, 


SHALE (WEATHERED) 
Weathered reddish brown, wet, 
generally weathered to silty sand with 
some grey layers. 


End of Borehole 


Drilled By: Sonic Soil Sampling Inc. Dillon Consulting Limited Hole Size: 5 cm (2 inch) 


Drill Method: Pionjar 1425 Bishop Street Datum: metres above sea level 


Drill Date: July 11, 2000 Cambridge, Ontario, N1R 6J9 Sheet: 1 of 1 


Vapour Unit: eppm tei) 028-2701 Top of Pipe: 


Project No: 99-6854 


nid eae 
Project: PCB SEEP REMEDIATION 


Client: CITY OF HAMILTON Enclosure: MONUMENT CASING DILLON 
Location: RENNIE STREET LANDFILL Supervised By: TJJ/WJH CONSULTING 


Borehole ID: PW6-1 


SUBSURFACE PROFILE SAMPLE DATA ORGANIC VAPOUR | 


Remarks 
Description 


Recovery % 
Blow Count 
Well Data 


©} Elevation 


Ground Surface 
FILL 


Sand and gravel 
Brown, some silty clay, dry to moist 


rubber present 


te 


WASTE 


Black, moist 
Wood, plastic, rubber, glass 
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Silty Clay 
Grey, moist, soft 


End of Borehole 


Drilled By: Atcost Soil Drilling Dillon Consulting Limited Hole Size: 10" 
Drill Method: Truck Mounted CME 75 1425 Bishop Street Datum: 


Drill Date: October 14, 1999 Cambridge, Ontario, NIR 6J9 Sheet: | of | 


319) 623-6761 : ars 
Vapour Unit: ppm \ ey ; Top ot Pipe: 


MBR I DGE P.d2/88 - 


D 


416 229 4692 TOC 


96-3564-26-06 | BOREHOLE No. 


Shect 1 of 1 @ 


PROJECT No. 
DATUM: 


PROJECT: RED HILL CREEK 
LOCATION: HAMILTON 


DATE: 9 October 1998 
INSPECTOR: ADD 


- << NVALUE (0) 
= | ELEY. > e Iz = ~ ee (Blows/) 
els Ww 
3 wet WO Ss oe 40 60 80 
: a3 pee 2/5) 2} =| 3 Sz] “Vapour (x) 
Wi - Ea ema are ek - 
Q H ao; x | 100200300400 |GW1 
Eee z oe: 
Sand and Gravel oA 
Brown, dry, loose, poorly sorted. eee 
Cobbles and debris present. 
1 ; | 
EZ 
1.5 MBB SHALE 
Red, soft, layered. 
‘| 
al 2.13m - End of borchole 


Notes: 

(1) Monitoring well constructed of 50mm diameter, 
Sch. 40, flush-threaded, PVC riser with a 1.52m long, | 
No. 10 slot well screen. 


44 


SlO ear Soryec [UYU LUMIOS i. vot Ow’ Ve 


=) | LLO© N) PROJECT No. — 96-3564-26-06 | BOREHOLE No. GW2 
DATUM: Sheet 1 of J] 


PROJECT: RED HILL CREEK DATE: 9 October 1998 
LOCATION: HAMILTON INSPECTOR: ADD 


ae & (SH | Blows | INSTALL 
: @ 8 Wis W 2k 

: | 2 20 40 60 80 

= 2° DESCRIPTION ate Ss Room 

: : = > Ww < = m 

wu x |S 


100200300400 | GW2 
4 FILL | | 
4 Sand and Gravel 
{ Brown, dry, loose, poorly sorted. 2 


: 


0.6 
Red, soft, layered. 
0.60 to 1.80m - Weathered to clayey silt. 
14 | | 
EZ c= 
| | = 
' f 5 
24 : 
= 
ee =| 
ae Ya a =e 
2.4 2.44m - End of borchale | 


Notes: | 
(1) Monitoring well constructed of S0mm diameter, | | | 
Sch, 40, flush-threaded, PVC riser with a 1.52m long, | | 
No. 10 slot well screen. 


— cr Pp Af ils 
32 TC CAMBRIDGE 3676 
AUG ti) "20 tt: 


L L | PROJECTNo.  96-3564-26-06 | BOREHOLE No. Gw3 _| 
| | DATUM: Sheet 1 of ¢€ 


PROJECT: RED HILL CREEK DATE: 9 October 1998 
LOCATION: HAMILTON INSPECTOR: ADD 


SAMPLE = N VALUE (0c) MONITOR 
c | Bev. ale. 2) eee oe 
~ 0 St heh te ee aie 
= 05 > 20 40 60 80 
a = 2D i-| & ° uw |oz m 
uJ “n en Nae a ae |/ae 1 
a H a2| x {3 100200300400 | GW3 
ASPHALT | SEs: 
Af 
0.1 |] SAND 4 Zi 
_ "| Black, dry, loose, medium grained, some gravel, ay 
poorly sorted. | | fr 
Slight to mild hydrocarbon odour. 
1 
bate 
SVSKS——— | ' 
Red, soft, layered. EZ =; 
1.20 to 1.80m - Weathered to clayey silt. | : 
| 
24 : 
| pees 
2.7|  |2.-74m- End of borchole | | 
Notes: 
(1) Monitoring well constructed of SOmm diameter, 
a Sch. 40, flush-threaded, PVC riser with a 1.52m long, 
No. 10 slot well screen, 
| | 
| | 
| 
*) 
{ H | 
| 


AUG 11 


‘Oa 1i3Si. Fr 


| LO | PROJECT No. 
I DATUM: 

PROJECT: RED HILL CREEK 

LOCATION: HAMILTON 


DEPTH Cm) 


7 


0.6 


if | 


SYMBOLIC 


DESCRIPTION 


LOG 


FILL 
Sand and Gravel 
Brown, dry, loose, poorly sorted. 


SHALE 
Red, soft, layered. 


2.74m - End of borchole 
Notes: 

(1) Monitoring well constructed of SOmm diameter, 
Sch. 40, flush-threaded, PVC riser with a 1.52m Jong, 
No. 10 slot well screen. 


416 229 4652 


Sal a 


TC CAMBRIDGE 


96-3564-26-06 | BOREHOLE No. 


NUNBER 


INTERVAL 


| 
| 
| 


“~RECOVERY 


LABORATORY 


DATE: 
INSPECTOR: 


ANALYSIS 


Sheet 


NVALUE (0) 
(Blows/) 


20 40 60 80 
Vapour (*) 
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100200300400 


ae 
9 October 1998 


ADD 


GWw4 


TO CAMBRIDGE P. 26782 


PROJECT No. 96-3564-26-06 | BOREHOLE No. 
DATUM: Sheet 1 of ] 


DILLON 


PROJECT: RED HILL CREEK | DATE: 9 October 1998 
LOCATION: HAMILTON | INSPECTOR: = ADD 


. SAMPLES a N VALUE (0) 
e | ELEV. | ae E|z OM (Blows/) 
~ | DEPTH |2o W ay 
° eo) OS) est 00 RS 80 
= (m) ao DESCRIPTION | ae 9 1Sa| Vapour (x) 
a. ci Si-i Fico] | laa m 
a ”n cone | eae a x xce ’ 
a) be. SS i 100200300400 | GW5 
| SAND 
’ | Brown, dry, loose, medium grained well sorted. 
a a 
3 
} tI : 
ed 
| 
2 
| | 
17 ‘ | 
1.2 SHALE | | | | f= 
Red, soft. layered. EZ } } 5 | 
: 
=e 
2 5 
=) 
Pe 
| ea 
; | 5 
Cc 
Dye 2.74m - End of borchole [4 
Notes: 
(1) Monitoring well constructed of SOmm diameter, 
3+ Sch. 40, flush-threaded, PVC riser with a 1.52m long, | Lt 
No. 10 slot well screen. ' | 
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4 | 
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| 
| 


Loe Pa ake A y TlN rece ee 
- C 3 ; g : ae Os Bye ~ 4 los ot 
mu 23 6B Vissi ex Stere2> Gece. Wel G 


Pe [_ PROJECT No.  96-3564-26-06 | BOREHOLE No. 

MN DATUM: Sheet 1 
PROJECT: RED HILL CREEK | DATE: 9 October 1998 
LOCATION: HAMILTON | INSPECTOR: ADD 


€ - x lz bl] e me Blows/) | 
ie ted — T } 

= wil>l w 
= DESCRIPTION rf 9) er eat eg = 2; Vy 40 60 80 
ciwi > /2| 6 loa apour (*) 
rf ae! fo) Ww oz m) | 
a 212 re lee ig 

SN fe dd 100200300400 | GW6 


See FILL ae ; 


Moderate unidentified odour. | 


EZ LOSSSSSS2 
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“= SHER ES 
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14 | | | | 
| =. 
BZ | oo — 
fs 
: | 
; or 
1.3” MMT SHALE | 
Red, soft, layered. | ae 
4 1.80 to 2.40m - Weathered to clayey silt. = 
a 
| | —a 
| =a 
{ , e 
f 
i] = 
| | = 
2, 2.74m - End of borehole [ 
Notes: | 
(1) Monitoring well constructed of 50mm diameter, | 
34 Sch. 40, flush-threaded, PVC riser with a 1.52m long, | : 
No. 10 slot well screen. 
| | | 
| 
| { 
4: 2 


Project No: 00-7447 


Project: Rennie Street Landfill Investigation 


Borehole ID: GW7 a 
r 


Client: Region of Hamilton Wentworth Enclosure: | DILLON 


Location: R le eet [9 Supervised By: ViLG CONSULTING 


SUBSURFACE PROFILE SAMPLE DATA | ORGANIC VAPOUR 


SoBe 
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100 200 300 
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Elevation 
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Blow Count 
Well Data 


Ground Surface 
FILL 


Stickup 0.34m 
brown sandy silt with gravel, asphalt, | | | 
and brick debris | = Bentonite seal 
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Water level 
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15/05/00 
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211 Pipe 3.2 cm. dia. 
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Pipe pushed 
Dark black matenal covered in dark bie 


black viscous liquid, strong odour. | | |: eof into place. 
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End of Borehole 
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Drilled By: Sonic Soil Sampling Inc. Hole Size: 5.0 cm (2 inches) 


Dillon Consulting Limited 
Dnil Method: Pionjar | 20 1425 Bishop Street Datum: metres above sea level 
Dnill Date: May 10, 2000 Cambridge, Ontario, NIR 6J9 Sheet: | of | 


(519) 623-6761 


Vapour Unit: eppm Top of Pipes 82.288 


TEST PIT LOGS 


Log N* TP1 Date: October 8,1998 Inspector: Sean Salvatori 


Location: Rennie Street Landfill 


Depth Interval (m) 


GRAVEL AND ASPHALT. Dark 
grey to black, moist, compact, well 
sorted. Water seeping into test pit 
at 0.15 m 


CLAY. Reddish brown, wet, 
loose, debris present. Debris 
included cement, metal, brick. 


End of test pit. 


Log N* TP2 Date: October 8,1998 Inspector: Sean Salvator 


Location: Rennie Street Landfill 


Depth Interval (i) 


GRAVEL AND SAND. Grey to 0.0 - 0.10 
black, moist, loose. 

SALT LAYER. White, dry, 0.10 - 0.15 
compact. 


GRAVEL AND SAND. Dark 
brown, dry, hard. 


CLAY. Brown, moist, stiff, some 
sand noted, debris present. Debris 
included wire, rubber, cement. 


City of Hamilton Page A-1 
Former Rennie Street Landfill August, 2000 
Dillon Consulting Limited 


Log N° TP3 Date: October 8,1998 Inspector: Sean Salvatori 


Location: Rennie Street Landfill 


re 
GRAVEL. Grey, dry, loose. 0.0 - 0.08 


CLAY. Reddish brown, moist, 0.08 - 0.46 
stiff. 
CLAY. Reddish brown, moist, 0.46 - 1.37 a. 


stiff, debris present. Debris 
included bricks, cement slabs. 
WASTE. Black, moist, waste 137 22,29 
present. Waste included plastic, 
rags, newspaper, wire, string. 
Strong odour detected. 


Log N° TP4 =Date: October 8,1998 Inspector: Sean Salvator 


Location: Rennie Street Landfill 


Depth Interval (mn 


SAND AND GRAVEL. Brown, 0.0 - 0.08 
dry, loose. 


CLAY WITH SAND. Reddish 0.08 - 1.83 
brown, moist, compact, debris 
present. Debris included brick, 

phalt pi 


298 
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Log N° TP5 Date: October 8,1998 Inspector: Sean Salvator 


Location: Rennie Street Landfill 


Depth Interval (m 


SAND AND GRAVEL. Brown to 0.0 - 0.10 
black, dry, compact. 

SAND AND GRAVEL. Grey, 0.10 - 0.69 
dry, compact. 


CLAY. Red, moist, dense. 0.69 - 0.54 


CLAY. Dark brown, moist, dense, 0.54 - 1.22 
debris present. Debris included 
rubber, wood, wire, string. 


CLAY. Red, dry, dense. 1.22 - 1.60 
SHALE. Red, dry, weathered 160 2,29 
shale. 

LIMESTONE. Greenish grey, dry, 2.29 - 2.82 
weathered. 

Test pit terminated at bedrock 2.82 

surface. 


Log N? TP6  ~=Date: + October 8,1998 Inspector: Sean Salvator 


Location: Rennie Street Landfill 


Depth Interval (m) 
GRAVEL, Grey drytoowe [| goats | 
cementrounpation | ots | 


Test pit terminated at foundation 
surface. 


SGC 

City of Hamilton Page A-3 
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Log N2 TP7 Date: October 8,1998 Inspector: Sean Salvatori 


Location: Rennie Street Landfill 


[description __|_—_Dept nterval im | 
cane ac 
cemerrounparion [| 0s 


a a. 


Log N2 TP8 Date: October 8, 1998 Inspector: Sean Salvator 


Test pit terminated at foundation 
surface. 


Location: Rennie Street Landfill 


Depth Interval (m) 


SAND AND GRAVEL. Dark 0-122 
brown, dry, compact, some clay, 

debris present. Debris included 

large rocks, cement, wood. 


CLAY. Red, dry, hard. as Se 


SHALE. Red, dry, highly weather 137 2259 
hale. 


Test pit terminated at bedrock UO) 
surface. 


City of Hamilton Page A-4 
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Log N° TP9 Date: + October 8,1998 Inspector: Sean Salvatori 


Location: Rennie Street Landfill 


Diesoni neal 


GRAVEL. Grey, dry, loose, some 0.0 -0.15 
sand, rootlets and grass present. 


SAND AND GRAVEL. Brown, Oris =0.91 
dry, compact, debris present. 
Debnis included brick. 


CLAY. Brown, dry, dense. O91L- 152 
2 


CLAY. Red, dry, dense. ote 2.13 


-2. 
Test pit terminated at bedrock 2.74 
surface. 


Log N° TP10 Date: October 8,1998 Inspector: Sean Salvatori 


Location: Rennie Street Landfill 


Depth Interval (m 


GRAVEL AND SAND. Brown to 0.0 -0.15 
black, dry, loose. 


CLAY. Brown to black, moist, 0.15 = 0.91 
firm, debris present. Debris 

included bricks, cement, metal. 

Slight hydrocarbon odour detected. 

WASTE. Black, moist, waste 0.91 - 1.83 
present. Waste included paper, 

bottles, jars, cardboard, metal. 


End of test pit. 


City of Hamilton Page A-5 
Former Rennie Street Landfill August, 2000 
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Log N? TP11 Date: October 8,1998 Inspector: Sean Salvator 


Location: Rennie Street Landfill 


Depinnneeval 
TOPSOIL. Black, moist, soft, 0.0 - 0.10 

rootlets present. 

SAND. Brown, dry, loose, debris 0.10 - 0.61 a 


pa ple N2 


present. Debris included plastic, 

cement, rubber, bricks, wood. 

CLAY. Grey, moist, soft, debris 0.61 - 1.83 
present. 


WASTE. Dark brown, moist, 1.83 - 2.13 
waste present. Waste included 

newspaper, nylons, plastic, glass, 

rags. Strong odour detected. 


Log N° TP12 Date: October 8,1998 Inspector: Sean Salvator 


Location: Rennie Street Landfill 


Depth Interval (m) 


GRAVEL AND SAND. Dark 0.0-0.91 
brown, dry, loose. 
CLAY. Grey, moist, soft to firm. 091-137 
Native 
ae ee 


End of test pit 


se a ema ae 
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Log N° TP13 Date: October 8,1998 Inspector: Sean Salvaton 


Location: Rennie Street Landfill 


Depth Interval (n) 


SAND AND GRAVEL. Brown, 0.0-0.15 
moist, soft, rootlets and grass 
present. 
CLAY. Brown, most. firm, 15-0 el 


WASTE. Brown, moist, waste 
present. Waste included paper, 
plastic bottles, glass, string. 


Log N° TP14 Date: October 8,1998 Inspector: Sean Salvatori 


Location: Rennie Street Landfill 


Dep anita 
SAND AND GRAVEL. Brown, 0.0 - 0.46 
moist, soft, rootlets and grass 
present. 
0.46 - 0.76 
present. Waste included glass, 
paper, rubber, plastic. 


WASTE. Brown, moist, waste, 


City of Hamilton Page A-7 
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Log N° TP15 Date: October 8,1998 Inspector: Sean Salvatori 


Location: Rennie Street Landfill 


Depth Interval (a) 


SAND AND GRAVEL. Brown, 0.0 - 0.60 
moist, soft, rootlet and grass 
pec a 


WASTE. Brown, moist, waste 
present. Waste included glass jars, 
s, papers, bricks, plastic. 


ae eee 
Log N° TP16 Date: October 8,1998 Inspector: Sean Salvator 


Location: Rennie Street Landfill 


Donineate 


SAND AND GRAVEL. Brown, 
moist, soft, rootlets and grass 


present. 


CLAY. Brown, moist, firm. OviS 422 


WASTE. Brown, moist, waste Lee 37 
present. Waste included plastic, 
ceramic pieces. 


End of test pits. 


City of Hamilton Page A-8 
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Log N° TP17 Date: April 25, 2000 Inspector: Ian Judd-Henrey 


Location: Rennie Street Landfill 


Depth Interval (nm 


SAND AND GRAVEL. Brown, 0.0 - 0.15 
moist, soft, rootlets and grass 
present. 


SAND. Brown, variable One to 22 
composition, dry, contains 
concrete, asphalt and slag. 


CLAYEY SILT. Black, damp, silt 1.22 - 3.96 
and clay, cinder rich, contains thin 

seam of waste present south side 

of test pit. 


Log N° TP18 Date: 


April 25, 2000 Inspector: Ian Judd-Henrey 


Location: Rennie Street Landfill 


Depth Interval oy 


TOPSOIL. Dark brown, dry, soft, 0.0 - 0.10 
rootlets and grass present. 


SILTY SAND. Brown to reddish 0.10 - 3.20 
brown, variable composition, dry to 

damp, contains lots of brick (to up 

35%) also contains wood, concrete, 

slass, asphalt and slag. 


slab. 


City of Hamilton Page A-9 
Former Rennie Street Landfill August, 2000 
Dillon Consulting Limited 


Inspector: Ian Judd-Henrey 


Log N° TP19 Date: Apmil 25, 2000 


Location: Rennie Street Landfill 


Depth Interval (m 


SAND AND GRAVEL. Brown, 0.0 - 0.10 
moist, soft, rootlets and some grass 
present. 
GRAVEL. Brown gravel, dry, OO = 1.37 
with some asphalt present. 


STONEY TILL. Reddish Brown, 1.37 = 3.20 
dry to wet, stiff, cobble up to 0.15 

metres in diameter. Bottom of this 

unit approaching weathered shale- 

like appearance. 


End of test pit. Water slowly a 
flowing into test pit. 


Log N? TP20 Date: Apmil 25, 2000 Inspector: [an Judd-Henrey 


Location: Rennie Street Landfill 


Depth Interval (m) 


TOPSOIL Dark brown, dry, soft, 0.0 - 0.15 
rootlets and grass present. 


SAND. Brown to black, variable 
composition, dry to damp, contains 
lots of concrete along with some 
asphalt and wood. 


WASTE. Black, moist, household 3.05 - 4.27 
waste, contains metal, paper, food 
and jars, odorous. 


End of test pit. Water in test pit to 
~3.) metres. 


i 
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Log N? TP21 Date: Apmil 25, 2000 Inspector: Ian Judd-Henrey 


Location: Rennie Street Landfill 


Depth Interval (m) 
TOPSOIL. Dark brown, organic 0.0 - 0.10 
rich, dry, grassed surface. 
SILTY SAND. Brown, loam dry, 0.10-0.31 
contains some concrete and other 
debns. 
SILTY CLAY. Brown to grey, 0.31 - 1.68 
damp to wet, small perched layers. 


WASTE. Black, odorous moist, 1.68 - 1.83 
contains metal, paper, food and 
jars. 


Log N2 TP22 Date: Apml 25, 2000 Inspector: Ian Judd-Henrey 


Location: Rennie Street Landfill 


Depth interval (a) 
SAND AND GRAVEL. Brown, 0.0 - 0.10 

organic rich, dry, grassed surface. 

SILTY SAND. Brownto black, 0.10 - 1.52 aap 


dry, contains significant asphalt 
152 -3.35 


and some bricks. 


TILL. Brown to reddish brown, 
stone-rich, silty clay matrix, soft, 
damp to wet. 


WASTE. Black, burnt, moist, 
contains metal, paper, and wood. 


i 
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Loe N® TP23 Date: April25, 2000 Inspector: Ian Judd-Henrey 


Location: Rennie Street Landfill 


Depth Interval (m) Sample N 


SILTY SAND. Brown to black, 
dry, contains some gravel and 
asphalt. 


TILL. Brown to reddish brown, 
stone-rich (up to ~70%), silty clay 
matrix, hard, damp to saturated at 
2.7 metres. 


Log N° TP24 Date: Apmi 25, 2000 Inspector: [an Judd-Henrey 


Location: Rennie Street aoe. om 


[Depth taterval (m) | ___Sample N? 


0.0-0.31 


SAND. Brown, contains gravel, 
silt, bricks and other debnis, dry, 
prassed surface. 


WASTE. Black, partially burnt, 
moist to saturated with water 
perched on top of underlying silty 
clay till, domestic waste. 


SILTY CLAY TILL. Grey 
saturated, variable clast size. 


nS 
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Log:NerP25: “Dates sp Apnl2s,2000 Inspector: Ian Judd-Henrey 


Depth Interval (m 
shale increasing with depth, 


fee rer 
End of test pit. Terminated at or 2.66 
near bedrock surface. 


April 25, 2000 


Location: Rennie Street Landfill 


Description 


SILTY SAND. Brown, contains 
extensive cinders and ash, also 
contain bricks and wire. 


WASTE. Black, damp to moist, 1.22 - 1.45 
burnt domestic waste including 


wire and tins. 


SILTY CLAY TILL. Reddish, 
damp, contains numerous clasts of 


1.45 - 2.66 


Inspector: [an Judd-Henrey 


Log N° TP26 Date: 


Rennie Street Landfill 


Depth Interval ( 


SAND AND GRAVEL. Brown, 0.0-0.81 


dry to damp, becoming silty at 
lel on 
(Seseeeer. ol eee ee 


Location: 


Description 


depth, grassed surface. 


WASTE. Black, burnt, moist, 
contains domestic waste including 
paper, cloth, tin and wire. 


End of test pit. 


City of Hamilton Page A-13 
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Log N° TP27 Date: June 26, 2000 Inspector: M. Graham 


North End in Compound off Brampton Street 


Depth Interval (m 


Gores 21 


L222 3.99 


Location: 


Description 


SILTY SAND AND GRAVEL 
Brown, moist, becoming darker 
in colour with some black staining 
at 0.45 m. 


WASTE. Black, wet, some 
industrial waste including bricks, 
rubber, wood metal, buckets and 
some plastic. A material 
resembling ground up roof shingles 
was present at 1.52 m. 


End of test pit. Terminated due to 
refusal on suspected bedrock 


Log N? TP 28 Date: June 26, 2000 Inspector: M. Graham 


T.P. 27 -4' ft. (60 ppm)* 


TP a It 


L.P.27 -9' ft, (2a ppm) 


Location: 


North End of Compound off Brampton Street 


Depth Interval (m) 


a as 


0.911 = 3.96 T.P.28 =5' ft, (42 ppm)* 


Description 


SILTY SAND AND GRAVEL 

Brown, moist, with some traces of 
waste including rubber, wood and 
bricks at 0.3 m. 


WASTE. Black, wet, some 
Industrial waste including bricks, 
rubber, wood (~50%), glass 
(~20%), metal (~5%), tires and 
some plastic. An oily sheen was 
visible on water, sheer became 
quite prominant at 2.89 m. 


CLAY. Red/brown, native 3.96 - 4.27 Sele 
ind at Testi ae ee er Se 


T.P. 28 - 9.5' ft. (50 ppm)* 


ee een ae 
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Log N° TP29 Date: June 26, 2000 Inspector: M. Graham 


Location: East of Office 


Pen Tnerar op 


SILTY SAND AND GRAVEL 
Brown, moist, with some brick 
debris at 0.3 m 


WASTE. Black, wet, some 
Industrial waste including glass, 
bricks, rubber, wood, metal tires 
and shoes. 


SHALE. Red/brown, weathered. 


End of Test Pit 


Log N2 TP30 Date: June 26, 2000 Inspector: M. Graham 


Location: Northwest of Office 


naeiaens en iewal Ga) 
ea 2s a : wv SE 
SHALE. Red/brown, weathered, [252-243 G3 
with a grey layer at about 2.13 m. 
43 


End of Test Pi 


es 
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Log N2 TP31 Date: June 26, 2000 Inspector: M. Graham 


Location: Middle of Public Work Yard 


peeiicestin 
FILL. Silty sand and gravel, Brown, 0- 0.3 ee 

moist. 

CONCRETE. Grey with 03-061 

some bricks and asphalt debris. 


WASTE. Black, wet, some industnal 0.61 - 3.96 T.Pe 3) -3'it. (85 ppm)* 
waste present including; wood (~50%), 

glass (~20%), metal. tires (~10%), bricks T.P. 31 - 10' ft. (60 ppm)* 
(~5%), rubber, and copper wire. A slight 

oily sheen was visible on water. Waste had 

a strong refuse odour and slight 

hydrocarbon odour. 


CLAYEY SILT. Red/brown 3.96 - 4.27 
End of Test Pi 


Log N° TP32 Date: July 10, 2000 Inspector: M. Graham 


Location: South west corner of site near fence 


Depth Interval 


TOP SOIL 


FILL, clayey silt. red/ brown, mottled 
with trace gravel. Some industrial waste 
mixed in after 0.6 m; wood, plastic, metal, 
cans 


OS 243 


TP oto eo tts 
ppm)* 


RED/BROWN SHALE. Weathered, 
moist. 


End of Test pit 


2.43 - 2.89 T.P. 32 - 8' ft. (18ppm)* 


SS a ss SS ee 
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Log N* TP33 Date: June 26, 2000 Inspector: M. Graham 


Location: Middle of Public Works Yard 


WASTE. Black, wet, some 
Industrial waste including wood 
(~35%), glass (~30%), metal and 
rubber. Strong refuse odour. 


Log N° TP34 Date: July 10, 2000 Inspector: M. Graham 


Location: South west corner south of chain-link fence 


Depth Interval (a) 


TOP SOIL 


FILL, clayey silt. Red/ brown, mottled T.P. 34 -7' ft. (50 ppm)* 
with trace shale fragments, some 
industrial waste mixed in after 1.52 m; 
metal (~2%), paper( ~2%), glass 
~2%), wire(~1%). 


RED/BROWN SHALE. Weathered, 2.43 - 2.89 TP. 34 <1)" ft. (29 ppm)* 
moist with some grey layers. 


End of Test pi 


a  E 
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Log N° TP35 Date: July 10, 2000 Inspector: M. Graham 


Location: Comer of Rennie St and Entrance to yard 


Description Depth Interval (m) 
TOP SOIL tee Oe 


FILL, clayey silt. Red/ brown, mottled 0.10 - 3.65 T.P. 35 - 4' ft. (8 ppm)* 
with trace shale fragments. Grey slag 
mixed in at 1.2m. Black slag mixed in 
at 2.1 m with some industnal waste: 
slass, metal, and plastic. 


T.P. 34 - 11' ft. (30 ppm)* 
RED/BROWN SHALE. Weathered, 
with some grey layers, wet at 3.65 m 


Log N° TEP36 Date: July 10, 2000 Inspector: M. Graham 


Location: In Public Works Yard near Rennie Street Entrance 


Depth Interval Sample N 
TOP SOIL 0 -0.15 


FILL. Sandy silt. Brown mixed 0.15 - 0.76 TP 36-2 (20 ppm). 
with black foundry sand. 


FILL. Red / Brown silty clay, OFG= 2,43 T.P. 36 -7' ft. (70 ppm)* 
trace gravel with some waste; 
wood (20%), rubber (10%), 

metal, and brick. 


WASTE. Black stained, 2.13 - 4.26 
saturated, strong refuse odour; 
wood (20%), paper (15%), 
rubber (10%), plastic (10%), 
metal, and bottles. 


End of Test Pit 


T.P. 36-9'ft. (55 ppm)* 


cn nae 
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Log N* TP374 Date: June 26, 2000 Inspector: M. Graham 


Location: Near the End of Rennie Street 
(7 m in length running North - South, south of TP-17. 


Depth Interval (m 


SAND AND GRAVEL. Brown to dark 0-0.22 

brown, slightly moist. 

CLAYEY SILT. Red/brown with some 0.22 -0.91 TPL 37 = 3 tt. 9 ppm)* 
oravel and shale fragments. 


SHALE. (Weathered) Red/brown 0.91 - 1.06m 


End of Test Pi 


Loo Ne 1P375 Date: June 26, 2000 Inspector: M. Graham 


Location: Near the End of Rennie Street (Trench 4.5 m in length running North - South, north of 


(ROE 
Depth Interval 


T.P. 37B -5' ft. (28 ppm)* 


Description 


FILL, sandy silt and clay. Red/brown. 
Some dark staining and a few pieces of 
metal were present at 1.22 m on the side 
of the trench closest to Test Pit 17. A 
very slight refuse odour was also 
present in the same location. 


SHALE.(Weathered) Red/brown 1.21 (South end) - 
1.98 (North end) 

End of Test Pit 1.3. (South end) - 
1.98 (North end) 


a 
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Log N® TP38 Date: June 26, 2000 Inspector: M. Graham 


Location: Northeast corner of site, half way up the hill. 


ieee 


SANDY SILT. Brown with gravel 0 - 0.61 


T.P. 38 - 2-4' ft. (90 ppm)* 


FILL, sandy silt. Dark brown with 
slight refuse odour, and street sweeping 
debris including plastic and metal. 


End of Test Pit 


Note: “*? _ Total hydrocarbon vapours measured using Gastech Trace-Tector. 


TP. 38 -8' ft. (30 ppm)* 


ee 585 00508058 55S 
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APPENDIX B 


Water Levels and Hydraulic 


Conductivity Testing Data ———S 


Diton Consulting Lid. 


page tot 


Table B-1 
WATER LEVELS 
RENNIE STREET LANDFILL 
Top of Pipe|___ Sept. 25, 1997 Oct. 1, 1997 | _— Oct. 24, 1987 May 5, 1998 Oct.9, 1998 | Aug. 27, 1999 May 12, 2000 May 15, 2000 [___May 17,2000 | May 18,2000 | _— May 19,2000 FT 
Elevation Water Level Water Level Water Level Water Level fat [Water Level Water Lovel Level Product Water Level Water Level Water Water Level Product 
Weil 1.0. (mas) | (mbtp.) (mast) | (m.b.t.p.) (mast) (mbtp) (mas.t)| (mb.t.p) (mast)! (m.b.t.p.) (ma.s.l)| (m.b.tp.) (m.as.l.)| (m.b.t.p.) (m.a.s.t .s.1.)| Thickness(m)| (m.b.t.p.) (m.a.s.t.) | (m.b.tp.)__(m.a.s.l. 5 
Groundwater Monitoring al 
Wells 
611 | +8538 595 73.43 iz 620 | 79.19 | 5.60 79.78 
6-12 | $5.16 | 7.87 77.23 a i AE 5.10 80.06 i 5.58 79.58 
6-13 83.83 6.04 77.79 5.94 77.89 6.21 77.62 
6-148 85.62 — = 6.13 73.49 | 6.48 79.15 
6-15 35.76 [655 79.21 6.89 78.87 
E 621 | 6577 SSE) 78.49 z [7.50 78.27 
622 | 85.49 [5.88 73.61 a 
6-23 85.85 T3643 79.22 —— 676 | 78.87 
6-24 t 85.64 6.65 78.99 = 
625. | e557 | 6.15 79.42 ale [ree 648 79.10 
6-42 aso2z_ t 654 78.48 5.46 78.56 
643 4.72 ape 6.35 78.37 6.24 | 78.48 
644 |__ 87.08 a| 11,32 75.76 11,52 75.56 
647 85.63 
648 87.84 if | 
649A | 85.16 : ——— 
6498 85.10 Sas 
6-50 8372 | | aS oem | ae 
B-5iA 76.97 t 
6-518 77.08 = rs 
652A | 76.29 | ae 
6-528 76.25 = E 
653A | 76.80 i= 
6-538 76.84 = 7 
6-57 [ e459 | | 
6-58A 34.39 = (ae 
6-588 84.25 
659 82.88 = tC 
6-60 83.97 ak — 223 Fa ae 
661 | 8257 — 
L 663 63.17 lees == = =2 | 
6-64 8351 
6-65 83.79 
| | 
Pw6-1 | 8512] 
——— — = Se 
Gw- | 6477 | um 
Gw2 84.28 | 
Gw-3 84.10 = : oa | 
GwW4_ | 63.38 
Gw-5 63.89 
{Gwe [ 63.76 
Gw7 82.29 —— a | ae 
W101 84.30 
PM BHIA 86.77 =e | pears = Sa 
PM ae 64.29 " 
PM BH2B 64.30 = =z 
PM BH3A } 2658 | =| fe [aes ae 
PM BH3B 86.22 au) 
PM BH4A 88.62 ae i . 
PM BHaB 68.77 — + aes aaa | 
Creek levels “2 
Creek st'S5°2 SaaS — IE Alf ; ___t See Eee i Lee @305 | 75.252 02 7357 _|_ 01 °4_] 541] 
Creek at 8573s SE — i a3s5 [75.259 [021 | 75.<04 | 024s {7sa0 [| 
Sreek at S19"A 7542 = | I J 9.08 75.34 [0.04 | 75.38 [Destroyed?[ = | 
NOTES: 
moto. meters below top of pipe 
mast meter above sea level 
NM not measured 
%! Subsequent measurements indicate product thickness is incraasing at this location (0.10 m on May 23) 
2 ‘meters below top of T-bar (for creek levels onty) 
a: Free - Product present on the water tabie at this location but the intertace probe did not respond to this maternal 
“ T-Bars which are used lo measure creek levels wore bent over on a 15-20 degree angle 


Dillon Consulting Ltd. slug/bail test analysis 1, Page 1 


1425 Bishop Street BOUWER-RICE's method 
Evaluated by: IJH Date: 16.05.2000 


Slug Test No. 1 Test conducted on: May 12, 2000 


Cambridge, Cntario 


MW6-49A 


t [s] 
800 1000 1200 1400 1600 1800 


10" 
« MW6-49A - Test 1 


Hydraulic conductivity [m/s]: 7.03 x 40° 


Dillon Consulting Ltd. sg/ball test analysis 
1425 Bishop Street BOUWER-RICE's method Project: Rennie Street Landfill 
Cambndge,Ontano 

Evaluated by: IJH Date: 16.05.2000 


Slug Test No. 1 Test conducted on: May 12, 2000 


MW6-49A MW6-49A - Test 1 € 


Static water level: 2.940 m below datum 


| Pumping test duration Water level ) Drawdown 
| (s] [rm] [m] 
1 0 1.420 -1.520 
2 15 1.480 -1.460 
3 30 1.510 -1.430 
4 45 nse, -1.390 
5 60 1.600 -1.340 
6 90 1.620 -1.320 
7 120 1.620 -1.320 
8 150 1.630 -1.310 
9 180 1.650 -1.290 AS 
10 240 1.660 -1.280 
11 300 1.670 -1.270 
12 360 1.700 -1.240 
13 480 eso -1.210 
14 600 1.760 -1.180 
iis 720 1.790 -1.150 
16 840 1.820 -1.120 
ili 960 1.840 -1.100 
18 1080 1.870 -1.070 
19 1200 1.900 -1.040 
———— 
| ———— a! 
mead ie 
ae 
fe 
es) ees os 
—— a 
t —— 
aves: | 
i = 
— = a 


Dillon Consulting Ltd. slug/bail test analysis 1, Page 1 


Evaluated by: IJH Date: 17.05.2000 


Slug Test No. 1 | Test conducted on: May 17, 2000 


1425 Bishop Street HVORSLEV's method 


Cambridge, Ontario 


MW6-49B (Deep) 


t [s] 
1500 1800 2100 2400 2700 


10°! 
» MW6-49B 


Hydraulic conductivity [m/s]: 2.40 x 10° 


Dillon Consulting Ltd. 
1425 Bishop Street 


slug/bail test analysis 
HVORSLEV's method 


1, Page 2 


Project: Rennie Street Landfill 


Cambndge,Ontano 


Evaluated by: IJH Date: 17.05.2000 


Slug Test No. 1 Test conducted on: May 17, 2000 


Ji 


MW6-49B (Deep) MW6-49B 
Static water level: 6.900 m below datum 
Pumping test duration Water level : Change in 
Waterlevel 
[s] [m] walle [m] 
0 5.450 el ete Ae) 
2 60 5.450 -1.450 
= age 120 5.460 -1.440 
4 180 5460 | | -1.440 
5 240 5.470 | -1.430 
6 300 5.480 -1.420 
7 360 5.480 -1.420 
8 480 5.490 -1.410 
9 600 5.500 -1.400 
10 720 5.510 -1.390 
11 840 5.520 -1.380 
12 960 5.530 -1.370 
13 1080 5.540 -1.360 
14 1200 5.550 -1.350 
15 1500 5.570 -1.330 
16 1800 5.600 S00 o| a ae een | 
{7 2100 5.610 -1.290 
18 2400 5.630 eie27 0 
5.650 “1.260 
20 3000 5.665 -1.235 


| 


7 


| | 


Dillon Consulting Ltd. slug/bail test analysis 1, Page 1 
1425 Bishop Street BOUWER-RICE's method 


Cambndge, Ontario 


Date: 17.05.2000 


Slug Test No. 1 


MW6-50 


t [s] 
1200 1500 1800 2100 2400 2700 


1077 
» MW6-50 


Hydraulic conductivity [m/s]: 1.26 x 105 


Dillon Consulting Ltd. 
1425 Bishop Street 


Cambndge, Ontario 


Slug Test No. 14 


slug/bail test analysis 1, Page 2 


BOUWER-RICE's method 


Test conducted on: May 17, 2000 


MW65-50 


MW6-50 


Static water level: 2.500 m below datum 


Pumping test duration 


[s] 


Water level Drawdown 


{m] [m] 


Dillon Consulting Ltd. slug/bail test analysis 1, Page 1 
1425 Bishop Street BOUWER-RICE's method 


Cambridge, Ontario 


Slug Test No. 1 Test conducted on: 23.05.00 


MW6-51A 


t [s] 
1000 2000 3000 4000 5000 6000 7000 8000 9000 


10°' 
e MW6-51A 


Hydraulic conductivity [m/s]: 6.65 x 10° 


Dillon Consulting Ltd. slug/bail test analysis 
1425 Bishop Street BOUWER-RICE's method 


Cambridge, Ontario 


Slug Test No. 1 Test conducted on: 23.05.00 


MW6-51A MW6-51A 


Static water level: 1.640 m below datum 
== 


Pumping test duration Water level Drawdown 


[s] [m] 


-0.475 
12 3600 1.180 -0.460 
13 5040 1.210 -0.430 
14 6480 1.240 -0.400 
15 8520 1.290 -0.350 
16 10380 1.320 -0.320 


Dillon Consulting Ltd. slug/bail test analysis 
1425 Bishop Street BOUWER-RICE's method 


Cambridge, Ontario 


Project: Rennie Street Landfill 


Evaluated by: IJH Date: 24.05.2000 


Slug Test No. 1 Test conducted on: 23.05.00 


MW6-53A 


t [s] 
2800 3500 4200 4900 5600 6300 


10" 
° MW6-53A 


Hydraulic conductivity [m/s]: 4.37 x 10% 


Dillon Consulting Ltd. slug/bail test analysis 
1425 Bishop Street BOUWER-RICE's method 


Cambridge, Ontario 


Project: Rennie Street Landfill 


Evaluated by: IJH Date: 24.05.2000 


Slug Test No. 1 Test conducted on: 23.05.00 


MW6-53A MW6-53A 


Static water level: 1.420 m below datum 


Pumping test duration Water level Drawdown 


0.760 -0.660 
-0.640 
-0.630 
-0.620 
-0.600 
-0.580 
-0.570 


a 
oO 


ie) 


N | OD] On} B}] © 


©} © 


720 0.930 -0.490 
0.950 -0.470 
1320 0.970 -0.450 
1500 0.990 -0.430 
1800 1.010 -0.410 
2100 1.030 -0.390 
2400 1.050 -0.370 
2700 1.070 -0.350 
3300 1.080 -0.340 
3900 1.100 -0.320 
4500 1.120 -0.300 
5880 1.160 -0.260 


| 
| 
| 
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PROJECT NAME: 


Red Hill Creek - Renie Street Landfill 


MONITORING WELL: MW6-12 DATE: October 13, 1998 
STATIC WATER LEVEL: Sees, (m) CONDUCTED BY: AD 
‘QRAWDOWN AT t=0 (Ho): 4.57 (m) MEASURING POINT: Top of pipe 
ELAPSED DEPTH DRAWDOWN _— h/Ho PERMEABILITY CALCULATIONS 
TIME TO (h) (After Hvorslev, 1951) 
(min) WATER Installation 
(m) (m) . _| Radius (r): 0.025. 
1 4.96 0.63 0.618} Length of Sand 
‘es: 4.99 0.60 0.588) Pack (L): 192.10 
2 302 O57 0.559 
Pa 5.04 0:50 0.539 Diameter of Pack (D): 0.2 m 
3 5.06 G33 0.520 
o PS) 5.09 0.50 0.490 Basic Time Lag (To): 7 min 
4 elit 0.48 0.471 
5 5.14 0.45 0.441 Estimate of Permeability 
3.0 5.16 0.43 0.422) k={rXrXIn(2X L/D)V(2 XL XT) 
6 ee Ks: 0.41 0.402 
i Dad 0.38 Osis Therefore k= ~—- 1.3E-004 cm/s 
8 oec4 035 0.343 
AS) 5.28 ORE 0.304 
10 5100 0.29 0.284 
31 5.54 0.05 0.049 
Monitoring Well MW6-12 
October 13, 1998 
1.0 
ij Basic Time Lag 
je) 
oa L 
fons 
To =7 min. 
0.1 
0 5 10 15 


Elapsed Time (min 


PROJECT NAME: Red Hill Creek - Renie Street Landfill 


MONITORING WELL: MW6-13 DATE: October 13, 1998 
STATIC WATER LEVEL: 6.07 CONDUCTED BY: AD 
DRAWDOWN AT t=0 (Ho): 4.03 MEASURING POINT: Top of pipe 


ELAPSED DEPTH DRAWDOWN _— h/Ho PERMEABILITY CALCULATIONS 
TIME TO (h) (After Hvorslev, 1951) 
(min) WATER Installation 
(m) (m) . Radius (r): 


Length of Sand 
Pack (L): 


Diameter of Pack (D): 
Basic Time Lag (To): 


Estimate of Permeability 
k={r Xr X In (2 X L/D)}/(2 X LX T) 


Therefore k> 3.7E-003 cm/s 


Monitoring Well MW6-44 


October 13, 1998 


Basic Time Lag 


PROJECT NAME: Red Hill Creek - Renie Street Landfill 


MONITORING WELL: MW6-43 DATE: October 13, 1998 
STATIC WATER LEVEL: 6.29 (m) CONDUCTED BY: AD 
‘@Rawdown AT t=0 (Ho): S27 (m) MEASURING POINT: Top of pipe 


ELAPSED DEPTH DRAWDOWN _ h/Ho PERMEABILITY CALCULATIONS 
ie) (After Hvorslev, 1951) 
WATER Installation 

Radius (r): 


Length of Sand 
Pack (L): 


Diameter of Pack (D): 0.2m 
Basic Time Lag (To): 0.25 min 


Estimate of Permeability 
k={r Xr X In (2 X L/D)V/(2 X L X T) 


Therefore k> 3.7E-003 cm/s 


Ss Monitoring Well MW6-43 


October 13, 1998 


( Cael fire mat aaa Katt 


if Basic Time Lag 


0.1 


h/Ho 


To = <0.25 min. 


Elapsed Time (min 


PROJECT NAME: Rennie Street Landfill 


MONITORING WELL: MW6-44 
STATIC WATER LEVEL: 11.60 
DRAW DOWN AT t=0 (Ho): S518) 


ELAPSED DEPTH DRAWDOWN — h/Ho 


TIME 
(min) 


ke, (h) 
WATER 


DATE: October 13, 1998 
(m) CONDUCTED BY: AD 
(m) MEASURING POINT: Top of pipe 


PERMEABILITY CALCULATIONS 
(After Hvorslev, 1951) 

Installation 

Radius (r): 


Length of Sand 
Pack (L): 


Diameter of Pack (D): O20 
Basic Time Lag (To): 0.70 min 


Estimate of Permeability 
k={r Xr X In (2 X L/D)}V(2 X L X T) 


Therefore k> 1.3E-003 


Monitoring Well MW6-44 


October 13, 1998 


Basic Time Lag 


Elapsed Time (min) 


PROJECT NAME: Rennie Street 


MONITORING WELL: MW6-58A DATE: August 1, 2000 
‘Sratic WATER LEVEL: 2.47 (m) CONDUCTED BY: MG 
/DRAWDOWN AT t=0 (Ho): 0.07 (m) MEASURING POINT: Top of pipe 
ELAPSED DEPTH DRAWDOWN _— h/Ho PERMEABILITY CALCULATIONS 
TIME re (h) (After Hvorslev, 1951) 
(min) WATER Installation 
(m) (m) Radius (r): 0.025 m 
0.25 2.4 0.07 1.000} Length of Sand 
5 2.4 0.07 1.000) Pack (L): 223 
OLn5 2.4 0.07 1.000 
1 2.4 0.07 1.000} Diameter of Pack (D): OAZ mM 
2 2.4 0.07 1.000 
8 2.4 0.07 1.000} Basic Time Lag (To): 245 min 
19 2.4 0.07 1.000 
80 2.41 0.06 0.857| Estimate of Permeability 
114 2.42 0.05 0.714} k={rXrXIn (2X UD)}V(2 XL XT) 
136 2.42 0.05 0.714 
180 2.43 0.04 0.571 Therefore k=  3.4E-006 cm/s 
221 2.44 0.03 0.429 
Monitoring Well MW6-58A 
Aug 1, 2000 
10: = pe ees 
| ee 
ae 
{e) 
= L 
= Basic Time Lag 
L To = 245 min. 
0.1 


20 40 60 80 100 


120 


140 


160 180 200 260 280 


Elapsed Time (min) 


PROJECT NAME: Rennie Street 


MONITORING WELL: MW6-58B Test 1 DATE: August 1, 2000 
STATIC WATER LEVEL: 3.68 (m) CONDUCTED BY: MG 
DRAWDOWN AT t=0 (Ho): 0.83 (m) MEASURING POINT: Top of pipe 


EEAPSED BEPTH DRAWDOWN _ h/Ho PERMEABILITY CALCULATIONS 
TIME TO (h) (After Hvorslev, 1951) 
(min) WATER Installation 


(m) (m) Radius (r): 0.012 m 
; 2.85 Length of Sand 
OS: 2.92 0.76 0.916} Pack (L): 3:05.m 
0.75 3.06 0.62 0.747 
ITS 3.35 0735 0.422} Diameter of Pack (D): 0.088 m 
2 3.42 0.26 O.313 
2.0 3.47 0.21 0.253) Basic Time Lag (To): 1.8 min 
3 S02 0.16 0.193 
4 3-06 0.12 0.145| Estimate of Permeability 
S. 3.59 0.09 0.108) k={rXrXIn (2X LV/D)V(2 XL XT) 
6 3.60 0.08 0.096 
8 3.61 0.07 0.084 Therefore k=  9.3E-005 cm/s 
10 3.63 0.05 0.060 
dz 3.64 0.04 0.048 
io 3.64 0.04 0.048 
3:65 


Monitoring Well MW6-5 


Aug 1, 2000 Test #1 


= 


Basic Time Lag 
To = 1.8 min. 


Elapsed Time (min) 


PROJECT NAME: Rennie Street 


MONITORING WELL: MW6-58B Test 2 DATE: August 1, 2000 
STATIC WATER LEVEL: eOO (m) CONDUCTED BY: MG 
DRAW DOWN AT t=0 (Ho): 0.87 (m) MEASURING POINT: Top of pipe 
ELAPSED DEPTH DRAWDOWN _ h/Ho PERMEABILITY CALCULATIONS 
TIME TO (h) (After Hvorslev, 1951) 
(min) WATER Installation 
(m) (m) Radius (r): 0.012 m 
0.25 2.78 0.87 1.000; Length of Sand 
0.5 2.90 0.75 0:862 |. Pack (L): SOD em 
OS 3.09 0.56 0.644 
gh) 333 0.32 0.368; Diameter of Pack (D): 0.088 m 
2s 3.40 O25 0.287 
3 3.48 0.17 0.195 Basic Time Lag (To): 1.65 min 
4 300 0.12 0.138 
5 300 0.09 0.109} Estimate of Permeability 
6 SH. 0.09 0.103} k={rXrXIn (2X UD)V(2 XLX T) 
8 3.99 0.06 0.069 
10 3.60 0.05 0.057 Therefore k= 1.0E-004 cm/s 
12 3.01 0.04 0.046 
19 3.61 0.04 0.046 
20 3.62 0.03 0.034 
2 PAS) 3.62 0.03 0.034 


Monitoring Well MW6-58B 
Aug 1, 2000 Test #2 


h/Ho 


0.1 
s 0 5 10 MW6-58B | 15 
Elapsed Time (min) 


PROJECT NAME: Rennie Street 


MONITORING WELL: 
STATIC WATER LEVEL: 
DRAWDOWN AT t=0 (Ho): 


ELAPSED DEPTH DRAWDOWN _ h/Ho 


TIME 
(min) 


TO 
WATER 
(m) 


1.245 
1.25 
1.25 
1.25 

1252 

1.253 

1,259 
1.26 
iss) 

1.265 

1.267 

ez 72 
128 


DATE: August 1, 2000 
CONDUCTED BY: MG 
MEASURING POINT: Top of pipe 


PERMEABILITY CALCULATIONS 
(After Hvorslev, 1951) 

Installation 

Radius (r): 


Length of Sand 
Pack (L): 


Diameter of Pack (D): 
Basic Time Lag (To): 


Estimate of Permeability 
k={r Xr X In (2 X UD)VW(2 X L XT) 


Therefore k= 1.5E-005 cm/s 


Basic Time Lag 


20 30 35 40 


To = 45.2 min. 


45 50 55 60 65 70 75 80 


Elapsed Time (min) 


Dillon Consulting Ltd. slug/bail test analysis 1, Page 2 
1425 Bishop Street HVORSLEV's method 


Project: Rennie Street Landfill 
Cambridge, Ontario 


Evaluated by: IJH Date: 21.05.2000 
Slug Test No. 1 Test conducted on: May 18, 2000 


MW6-53B MW6-53B 


Static water level: 1.570 m below datum 


Pumping test duration Water level Change in 
Waterlevel 
[s] [mM] [m] 

1 0 0.600 |. -0.970 
0,680 0.890 
0.750 0,820 

4 45 0.790 -0.780 

5 60 0.820 -0.750 

6 90 0.890 -0.680 

if 120 0.930 -0.640 
0.970 -0,600 

9 180 1.000 -0.570 

10 240 1.060 -0.510 

11 300 1.100 -0.470 

12 360 1.140 -0.430 

13 480 1.190 -0.380 

14 600 1230 -0.340 

15 720 1.270 -0.300 

16 840 1.300 -0.270 

lt 960 1.310 -0.260 
aes ea es ee a ee 
(en hibeeae> ake eeey | De -e keee  e mee  ROinC ies aoa Ee 
es eee re eee ee 
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Dillon Consulting Ltd. | slug/bail test analysis 


1425 Bishop Street HVORSLEV's method 


Cambndge, Ontario 


Slug Test No. 1 


1, Page 2 


Project: Rennie Street Landfill 


Evaluated by: IJH 


Test conducted on: May 13, 2000 


Date: 17.05.2000 


MW52-B (deep) MW6-52B 
Static water level: 0.750 m below datum 
Pumping test duration Water level Change in 
Waterlevel 
(s] [m] [m] 
1 0 0.100 -0.650 
2 15 0.250 -0.500 
2 30 0.400 -0.350 
4 45 0.470 -0.280 
5 60 0.550. | 0.200 | 
6 90 0.650 | -0.100 
7 120 0.680 | -0.070 
8 150 | 0.720 -0.030 
9] 180 0.730 -0.020 
10 | 240 0.735 -0.015 
Te 300 0.740 -0.010 
12 360 0.745 -0.005 


Dilion Consulting Ltd. slug/bail test analysis 1, Page 1 


Wa thod 
1425 Bishop Street BVORS TENS ie Project: Rennie Street Landfill 


Evaluated by: IJH Date: 21.05.2000 


Slug Test No. 1 Test conducted on: May 18, 2000 


Cambridge, Ontario 


MW6-53B 


10° 
e MW6-53B 


Hydraulic conductivity [m/s]: 9.77 x 1077 


slug/bail test analysis 1, Page 1 


HVORSLEV's method Project: Rennie Street Landfill 
Evaluated by: IJH Date: 17.05.2000 


Test conducted on: May 13, 2000 


Dillon Consulting Ltd. 
1425 Bishop Street 


Cambndge,Ontario 


Slug Test No. 1 


MW52-B (deep) 


e MW6-52B 


Hydraulic conductivity [m/s]: 6.82 x 10° 


APPENDIX C 


Combustible Gas Monitoring 


and Heath Consultant’s Report ——S 
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February 16, 1999 


City of Hamilton, 

Department of Public Works & Traffic 
City Hall, 71 Main Street West 
Hamilton, Ontario 

L8P 4Y5 


Attention: Mr. Reg Meiers, P.Eng. 


Combustible Gas Investigation Update 
Vicinity of Former Rennie Street Landfill 


Dear Mr. Meters: 


This letter presents the results of additional combustible gas testing in the vicinity of the 
Rennie Street Landfill as recommended by Dillon in our letter of January 6, 1999. The 
additional work involved testing existing soil gas monitors and in the on-site Public Works 


Yard buildings in January and February when natural venting of soil gas is prohibited due 
to frost. 


The results of the gas monitoring are documented in Tables | and 2, attached. Table 1 
shows that the concentrations in soil gas monitors are consistent with previous results. 
The exceptions is the result of 8 % Gas at GW4 in January 1999. This is higher than the 
November and December 1998 results but is less than the 43% Gas measured in October 
1998. The concentration at this monitor in February 1999 had decreased to 13% LEL 
(Lower Explosive Limit = 5% Gas). The February result of 3% Gas at GWL is lower 
than previous Measurements at this monitor. 


The results of testing tn on-site buildings (Table 2) indicate relatively low concentrations 
(less than 1% LEL) and are not considered to be significant. 


Overall, the concentrations in soil gas monitors and on-site buildings tn January and 
February 1999 are consistent with previous measurements and no additional testing of 
adjacent residences is required at this tume. A long-term solution to deal with combustble 
gas hazards will be included in the pre-design report presently under preparation for the 
site. This will probably include a combination of a vertical barrier with venting on the 
landfill side of the barrier. An on-going combustible gas monitoring program will also be 
recommended in that report, to ensure the effectiveness of the proposed system. 


.. continued 
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City of Hamilton, Department of Public Works & Traffic 
February 16, 1999 


Please call the undersigned at 519-438-6192 if you have questions regarding the results 
of the testing completed at the site. 
Yours sincerely, 


Dillon Consulting Limited 


JL? . [tel 


Rob Kell, P.Eng. 
for Patsy Duever, M.A.Sc. 
Project Manager 


Encls. 
cc: Ms. Pam Hubbard, Special Projects Office 


Mr. Gary Moore, P.Eng., Special Projects Office 
Mr. Bill Hunter, Health Services Department 


rtk:cle/96-3564-27 
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IVATH Consultants Limited 


N\ 
et 


January 4, 1999 


Mr. Rob Kell, P. Eng. 
Dillon Consulting Lid. 
Box 426, Station B 
London, Ontario 

N6A 4W7 


Dear Mr. Kell 


Re: Dillon Project Number 96-3664-27-05 
Rennie St. Works Yard, Hamilton, Ontario 


Oss chen 


.N\ 
“a 


ts 


LONCON, ONTARIO NSV 3S5 
TELEPHONE (519) 659-1144 


FAX (S19) + 


The attached report details the procedure and results of the methane gas testing, sample 
collection, and laboratory analysis for the testing conducted by Heath Consultants at your 


request. 


Included with the report are comments and determinations made by the Union Gas lab 


technician who conducted the analysis. 
me and that you received only the individual analysis results. 


It is my understanding that this information was sent to 


The project was conducted by Mr. Barry Smith and Mr. Jamie Chapman on December 17. 


1998. Lab analysis was conducted by the Union Gas Te 
Chatham, Ontario. Analysis work was conducted on De 
information pertaining to this project inde 


996236. 


Vir. Kell, we appreciate this opportunity to be 
contact this office tf there are any concerns oF questions regarding this report. 


Yours truly. 


; i 


oe 4 
ie 


Barry re 
Eastern Area Supervisor 


/) 


chnical Service Department in 
cember 19 and 20", 1998. All 
xed and recorded under Heath project number 


of service to you and your organization. please 


Sitar 


wor awk 


32 
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Conducted for: 


Location: 
Date: 


Project No: 


HEATH Consultants Limited 


Methane Gas Testing, 


Sample Collection & Analvsis 


Dillon Consulting 
Rennie St. Works Yard, Hamilton, Ontario 
December 17, 1998 


996236 


"a 


3 Dillon Consulting........ Methane Gas Testing, Sample Collection and Analysis....Renmie St., Hamilton, ON 
ee 


1.0 Overview 
The discussed objectives of the survey were: 


ir Evaluate the spread of methane gas located on the site with regard to 
residences located on Waterloo St., west of the works yard. 


i) 


Conduct an interior inspection of the buildings located at the site, using 
flame ionization instrumentation, to determine if gas penetration is 
occurring. 


G2 


Collect bag samples from various location to determine the nature of the 
combustibles recorded in the soil atmosphere. 


4. Test manholes and catch basins on and near the site using the tlame 
ionization instrumentation for the presence of methane gas. 


@ 2.0 #£=Procedure 


The spread of methane on the west side of the work’s yard was tested using a 40" 
plunger bar and a GMI combustible gas indicator. Test holes were placed at 3 to 4 
metre intervals along the west fence line adjacent to properties on Waterloo Street. Bar 
hole tests were also conducted at suspect vegetation locations along the west paving line 
of the property and random locations of the grassed area. 


[Interior inspections were conducted of the three buildings located on site. The Heath 
D.PII flame ionization instrument was used. Tests were conducted along the interior 
foundation walls and at any penetration points found. Penetration points include water, 
hydro and sewer services as well as any floor cracks or other conduits. 


Tedlar sample bags of combustibles were collected using established procedures. The 
locations where samples were collected were predetermined. Three unknown samples 
and one sample of pipeline natural gas were collected. The samples were driven to the 


Union Gas Lab in Chatham on December 18, 1998 for analysis on December 19th and 
20, 1998. 


Manholes and catch basins located on site were tested using the Heath D.P.II tor the 
presence of methane gas. 


Conducted by HEATH Consultants Limited 
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~ Dillon Consulting........ Methane Gas Testing, Sample Collection and Analysis....Rennie St., Hamilton, ON 
ad 


3.0 Instrumentation and Calibration 


To conduct the testing two instruments were used, a GMI Gasurveyor 4+ Combustible 
Gas Indicator, and a Heath D.P.II flame ionization instrument, with a sensitivity of 
approximately 1 PPM. Both instruments were calibrated against a known sample prior 
to conducting any tests. 


4.9 Results 
l. Bar Test of Soil Atmosphere 


No positive readings were recorded in the soil atmosphere along the west 
property fence line opposite the homes on Waterloo Street. 


No positive indications were recorded at the random bar test locations from the 
edge of the paving west to the fence line. These locations were tested vased 
primarily on noticeable vegetation indications. 


2. Interior Inspections: 
Listed below are the results of the interior inspections. The low readings in the 
Storage Building can not be positively attributed to the methane gas in the 
surrounding soil atmosphere. The readings recorded in the Maintenance Bam 
may be a result of the painting and cleaning operations. Readings in the Office 
and Lockers Building would appear to be a result of the gas concentrations in 
the surrounding soil atmosphere. 
Public Works Storage Maintenance Barn Office and Lockers 
(Northeast Building) (South Building) (North Building) 
Free Air PEN 10 PPM LOPE 
Floor Crack I PPM 10: PPM S002 PMI 
Electrical Conduit NEG NEG 50 PPM 
Other Conduit re NEG 
Sewer NEG NEG NEG 
Water Service NEG NEG NEG 
ps ee ee 
* Indications, in excess of LOOO PPM were recorded along the exterior east wall 


of the Maintenance Barn. As follow up the east wall was bar tested. Readings 
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from low L.E.L. to 5 % GAS were recorded. Charcoal filter testing identified 
heavy hydrocarbons probably diesel, opposite the diesel tank on the east side. 
All other indications proved to be light hydrocarbons assumed to be methane. 


U2 


Sample Collection and Analysis 


The four samples were collected as planned. Three unknown samples from 
GW6, GW3, and MW6-—-44 were collected. The known sample of pipeline 


natural gas was collected at the Union Gas meter located at the Maintenance 
Barn Building. 


Analysis was conducted by the Union Gas Lab. The results of the analysis and 
the remarks of the technician are attached to this report. In general the 
concentrations of gas in the soil atmosphere are resultant of the methane gas 
generated from the landfill area. 


a Manholes and Catch Basins 


Two manholes in the driveway opposite the Office Building recorded 
indications of approximately 300 P.P.M.. Readings can not be proven to be 
resultant of the gas from the landfill but the concentration level is higher than 
normally detected in storm or sanitary sewers. 


Remarks 


It is recommended that interior inspections be conducted during the frost period for tie 
buildings on-site. Given the gas levels in the sewers further monitoring may be 
prudent. If the sewer lines running through the yard are connected to adjacent street 
sewers, additional testing may be of value. 


With the results of the bar testing it would not seem likely that methane gas would 
migrate through the soil atmosphere to the homes on Waterloo St. In the interest of 
public safety testing of these homes may be again considered during the frost period. It 
would be recommended to use flame ionization instrumentation for these inspections. 


Statf on site asked Heath personne! about the placement of methane gas alarms within 
the Otfice and Locker Building and the Maintenance Barn. It was explained that 
readings in the Office and Locker Building were highest in the office area and the 
turnace room. Alarms could be placed in those two rooms close to the ceiling. For the 
Maintenance Barn it was suggested to place the alarm at the south end of the building. 


Dillon Consulting........ Methane Gas Testing, Sample Collection and Analysis....Reamie St., Hamilton, ON 


6.0 Sketch of Test Locations and Analysis Report 


Following are the sketch maps identifying the bar test locations and sample collection 
points. | 


A copy of the Union Gas analysis is also attached. 
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Barry Santa December 21, 1998. 
Beach Consultants Limited, 

2085 Piper Lane, 

London, Ontario. 

Tel w{519)659-L1++. 

Fax m{519}453-2182. 


Re: Heath Project P.O. #990037 


Bary, 
Samoles fom Hamilton (Public Works Yard) Pannier St. were rcesived for analysis fom Jamie 
Chapman 98/12/18. Four Tedlar samples, 3~minown + [-reterence sampic of piveline gas were analyzed 
98/12/19. AMl of the provided samples were leak checked and found to be OK AU of the orovided 
samples total combustibles were very clase to what was indicated for cach sample provided. 


As requested, the analysts results wil te Srxed to Rod Keil (Dido Consulting) Fax #(519) 672-8209. 


Sample #1: 

Locaton: “GW6"” 

Sample ID: c-ham312.smp 

Tor combustible concsatrration indicated as 35%. 


This sample consists of 79.376330 mole%, 1507.1% af the LFL. or 798763 ppm by mole, combustipies. 
The analytical report indicates very high carton dioxide within a definize namral eas sample. The major 
combusuble compound detected is methane with trace concentrateons of C2 to CS organic alipharic 
samwrated hydrocarbons. There does uot appear to be any detectable VOC's within this sample, The 
chromatographic signature suggests a nanrral reduction in the C2 to C3 hydrocarbon cluster region. This 
is consistenr with a type af natmral thermogenic/peuogenic omgim. The ramos at the minor analytes 
expressed to the major compound methane suggest thers is a high probability this samole is originaring 
from other than a Union Gas pipeline system. Thorc may thermogenic intluencs due to the detection of 
C2 to C5 hydrocarbons. There may be biogeaic/miccobile intluencs due to the high CO2 detected. 

Please refer ta the provided analytical report for comparison. 


Samople +2: 

Leeann: “GW3” 

Sample (1D: cham3121smp 

Total combustible coacsamanon indicated as S5%. 


This sample consists of $4.363567 mole’4, 10433% ar the LEL or 343636 pom by mole, combusatles. 
The analytical report indicares considerably less COZ with respect to sample 71 but sail a suostanual 
concenmacion. Other than a Jower combustible concearation bolus less CO2 with resrecc to samole 71, 
this sample appears to be of thc same origin as samples +l, m3. 


Sample #5: 
Leeation: ~ MIW6-+4” 
Tol combusuble concentranen indicated Silos 


This sample consists af $2.41992+ male’, 989.037% af the LE L. or 524139 ppm by mole, 
combusubies. The analytical report indicates considerably Iecs COZ than sample +1 out suosiancally 
more than sample #3. Other than a lower combusuble conceatrauon than sample +1 & samole #2 plus 
less CO2 than sample #1 and more CO2 than samoule #2, this sample appears to be of the same omg as 
samples =1,#2. 


m7. 93 Poa S519 136 3299 UNION GaS LTD 
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Sample #: 
Location: Union Gas meter “Rennic St Work Yard™ 
Total combustibic concentration indicated as 100% pipeline gas. 


This sampie consists af 98.694453 male’, cambustoles. 
Conclusions: 


There is a high probability samples #123 are not being intluenced ay sammic #4 (pipeline gas), Thisis 
based om the premise there is no ground absorption or chromatograpiic accor taking place on the mmer 
or major compounds of interest within ths traveled medium. 


The three unknown samples are more than likely all Som the same origin due to a ammiar 
chromatographic stgmatures. Samples #1 & #2 both commin more o-C+ & n-C5 with respect to i-Cs &* 
CS. All three sammples cantain relarively high CO2 concentrations. The C2 to C5 ratios deveicped to the 
major campound ars slightly differeat bur close enough to suggest similar origi. The diterencs may be 
due to the distamcs af cach sample from the orgin gas. 


The suspected thermogenic influenecs is based on the detecuon af C2 to C5 hydrocartons. The 
thermogenic source is based on the premise thess compounds are created in higher C= as the temperaure 
& pressure of the origin increases. It is not known whether a lanchll is deep enough ar able to produce 
enough temperamre and pressure in order ta duplicate a aamral gas similar to a typical natural 
thermogenic origi. 


The above four sampics were analyzed using an airl$ methed with two urimary standards tor calibration. 
A high sensitiviry methed or a higher scusitivity method is possible. The 02/N2 values reported in sample 
9&3 will be < acmal due the type of sandards used. This ecolains the low accouncability percentage ‘or 
these samples. This will not affect the conclusions or the other compounds. The COZ reserted will 

more in likely be > chan reported duc to the type or standards used 


Mike Regnier 

Gas Measuremect 

Technical Services 

Union Gas Limited 

Tei. AS19)352-3 OQ ec 2745 
Fax 4(519)436-35299 
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Geophysics Reports —_ 


Hyd-Eng 


GEOPHYSICS INC. 


November 19, 1998 


Hyd Eng Ref: TK051 


Mr. Sean Salvatori 

Dillon Consulting Limited 

100 Sheppard Ave. East, Suite 300 
North York, Ontario 

M2N 6N5 


Phone: (416) 229 4646 
Fax: (416) 229 4592 


Dear Mr. Salvatori: 


Please find accompanying this letter the report submittal from Hyd-Eng Geophysics Inc. 
entitled: 
A report on an 
EM31 Survey 
conducted about the 
Hamilton Works Yard, 
Hamilton, Ontario 
| trust you will find the results useful for your ongoing investigations at the site. If any 
questions arise, please do not hesitate to contact us. 


Yours Sincerely, 
Hyd-Eng Geophysics Inc. 


Sie 


David Coulter, P.Eng. 


File\\G:\Documents\REPORTS\tk051brev.doc 
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HEAD OFFICE: 170 Ambassador Drive, Unit | |, Mississauga, Ontario LST 2H9 TEL: (905) 564-7355 FAX: (905) 564-7359 
MARITIME OFFICE: 2 Bluewater Road, Suite 204, Bedford, Nova Scotia B4B IG7 TEL: (902) 835-6616 FAX: (902) 835-9944 
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GEOPHYSICS INC. 


INTRODUCTION 


Hyd-Eng Geophysics Inc. (Hyd-Eng) was contracted by Dillon Consulting Limited to 
conduct a geophysical investigation about a former landfill (“Rennie Street Landfill”) 
approximately located at the active Hamilton works yard, Hamilton, Ontario. The 
investigation was specifically undertaken to identify anomalous geophysical data that 


may aid in identifying the lateral extent of landfilling within the survey area. 


SCOPE OF WORK 


An electromagnetic (EM31) geophysical survey was conducted about the Hamilton 
works yard, an area that is approximately 6.5 hectares in size. The eastern portion of 
the yard is known to comprise part of the former “Rennie Street Landfill”. However, the 


western extent of filling is unknown. 


The geophysical survey was primarily undertaken to delineate geophysical variations 
indicative of anomalous soil/porewater conditions and/or buried metal. These variations 
may then be related to the possible limits of the decommissioned landfill suspected to 


extend westward into the survey area. 


A Global Positioning System was used in conjunction with the electromagnetic 
instrument. This combination allows the operator to adjust the survey area ‘real-time’ as 


dictated by site conditions and anomalous readings encountered. 


PHYSICAL PROPERTIES 


The measurement of variations in the physical properties of geological units is the basis 
of all geophysical surveys. One of the electrical properties of a material that can be 
measured is its electrical conductivity (milliSiemens/metre). In general, a saturated clay 
overburden will have an apparent conductivity (typically ranging from 30 to 60 mS/m). A 
clean sand, or compact sandy/silty till unit has a conductivity, ranging from 1 to 10 
mS/m. Factors such as porewater conductivity, porosity, degree of saturation, 


compaction, and mineralogy, control the bulk material conductivity and can cause 


Hyd-Eng 


GEOPHYSICS INC. 


variations beyond natural limits. “Leachate” from most landfills will tend to have a 
significantly higher electrical conductivity when compared to ‘clean and natural’ 
groundwater. Typically, the leachate will contain chloride ions and other dissolved 
species, which will increase the conductivity of the groundwater. Consequently, as 
leachate moves through the ground it tends to increase the naturally occurring bulk 
apparent conductivity of the subsurface. This conductivity contrast between material 
saturated with natural groundwater and that portion of the ground containing conductive 
leachate (‘plume’) allows the contaminant to be mapped by measuring the changing 


electrical properties (conductance) of the subsurface. 


It should be noted that detection and/or recognition of geophysical anomalies indicative 
of ‘landfilling’ and/or conductive contaminant is highly site specific and is dependent on 
the number of factors. These factors include the concentration of the fill/contaminate; it’s 
depth and thickness, native materials present, as well as local sources of EM or 


electrical interference (“noise”). 


If the subsurface is so conductive so as to cause instrument readings to increase above 
the levels expected from natural materials, designating an area as geophysically 
anomalous is relatively uncomplicated. However, in many cases the identification of 
subtle conductivity or inphase variations as anomalous can be difficult and depends 
heavily on pattern recognition. In the case of a conductive ‘plume’, the pattern would 
normally include a connection to the source, and a trend of decreasing conductivity 
values extending away from the source(s). However, the limits of the “anomalous” zone 
cannot be identified without first defining what is not_anomalous (i.e. “background”.) 
Often in the case of fill it is the irregularity of the response that is the indicative 


parameter rather than the absolute value. 


Background apparent conductivity can vary considerably depending on geologic 
variations, and changes in the water table depth. For example, if water conductivity were 
uniform throughout the site, areas where the water table is shallow (ex. near surface 


water, or moist low lying ground, such as was noted throughout portions of the survey 
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area) will tend to have higher conductivity readings when compared to areas that are 


topographically elevated. 


Defining “background” conditions would be complicated, and the pattern of leachate 
migration from the landfill more difficult to define, if porewater, which has not been 


influenced by the presence of the landfill, also had a variable conductivity. 


It is unlikely that the limits of anomalous zones, as inferred from the geophysical data, 
will correlate exactly with ‘real’ limits of landfilling or contaminant migration based on 
accepted standards. The geophysical anomalies will however be relatively indicative of 
‘significant landfilling’ increased porewater/soil conductivity and therefore the direction of 


possibly existing conductive leachate migration. 


Many forms of groundwater contamination typical of landfill leachate are not electrically 
conductive and will not be mapped by geophysical techniques. Each of these 
contaminants will have its own plume of concentration depending on mobility, adsorption 
and a variety of other factors. Fortunately the “conductivity plume’ is typically one of the 
most mobile of these plumes and therefore provides a conservative indication of 


contaminant migration. 


EQUIPMENT AND THEORY 


This survey was carried out with the GEONICS EM31 and a Trimble Global Positioning 
system (GPS). 


The EM31 instrument is a frequency domain electromagnetic device designed for 
measuring apparent conductivity and is also well suited for buried metal detection. The 
EM31 utilises the principle of electromagnetic (EM) induction to measure the electrical 


properties of the earth. 
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This instrument generates an electromagnetic (EM) field by passing a current through a 
transmitter coil. As the field passes through the ground it induces a small current flow 
within the ground. These ground currents create a secondary EM field in the ground. 
The receiver coil then measures the combined primary (produced by instrument) and 


secondary EM field (produced by encompassing 


Figure 1: EM31 with GPS backpack 


materials). The instrument then converts the EM 
field properties into quadrature (apparent 
conductivity) measurements of the subsurface in 
units of milliSiemens per metre (mS/m) and 
inphase measurements in parts per thousand 
(ppt). The value for the bulk apparent 
conductivity of the ground represents a roughly 
hemispherical volume of radius 5 to 6 metres 
centred at the operator. The inphase response is 
sensitive to metal and relatively insensitive to 
changes in the apparent conductivity of the 
ground. However, extremely high ground 
conductivity will affect the inphase values. The 
quadrature response is somewhat affected by 


metal. 


For a complete description of the theory of operation and technical details of the 
EM31 refer to McNeill, 1980." 


A Global Positioning System (G.P.S.) was carried, , in conjunction with the EM31 and 
was used to record the position of each individual EM31 data point. The GPS system 


consisted of a Trimble® Pathfinder Pro XL receiver and a TDS-2 Data Collector. The 


" McNeill, J.D. 1980, Electromagnetic Terrain Conductivity Measurements at Low Induction 
Numbers, Geonics Ltd., Note TN-6, 16pp. 
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system has a link with Coast Guard base stations and provides real time differentially 


corrected position data. Tests . 


FIELD PROCEDURES 


The geophysical survey grid was established at the site (Figure 1) using a fenceline 
along the western limits of the site as a local Base line. Several Tie lines were also 
established parallel to additional existing fencelines. These tie lines allowed the operator 
to maintain a consistent line direction and spacing, thereby ensuring adequate and 


proper data coverage. 


Using the Base and Tie line markers as a guide, EM31 and GPS data were collected 
simultaneously at approximately at a 0.75 metre station spacing along lines spaced 


approximately 5 meters apart. 


DATA PROCESSING 


Upon completion of each survey day, the EM31 and GPS data were transferred from 
the data loggers to a portable computer. The GPS data were then merged with the 


EM31 data to provide sub-metre accuracy in locating stations. 


These data were then sorted, gridded, contoured, and plotted at an appropriate scale 
using Geosoft software, a data presentation program developed by Geosoft Limited of 


Toronto, Ontario. 


The results of the EM31 survey are displayed as colour, contoured plots of the apparent 
conductivity (Fig.2) and inphase (Fig.3) data. A consistent colour scheme was, used 
between all EM31 surveyed area, chosen so as to highlight variations in the data. The 
EM31 data are also displayed as colour, contoured plots of the apparent conductivity 


and inphase data. The data were coloured and contoured to represent the complete 
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range of values. Background values are generally shown in yellow and green. Red and 


blue colours represent anomalous readings above and below background, respectively. 


A shaded relief diagram of the EM31 inphase data is also presented. This diagram is 
produced by treating the data as a three dimensional surface and digitally shinning a 
“sun” on to it. This technique is useful to detect subtle trends in the data that are not 


prominent in the colour presentation. 


Interference from surface metal, strapping, buildings, etc. will affect the instruments’ 
response to nearby subsurface anomalous features. When the extent of this 
interference is unknown, buried features located adjacent to or directly below the 


source of interference may go undetected. 


RESULTS 


Anomalous areas not attributed to cultural interference, or other explainable sources, 
are highlighted on the interpretation maps (Figure 5a and 5b). Note that definitive 
background have not been established in the geophysical data. Although limited areas 
of relatively lower conductivity values are noted, these are dispersed between broad 
zones of extremely high conductivity and cannot be established as “natural”. However, 
for interpretative purposes a background conductivity value of 35 to 40 mS/m has been 
estimated for the interpretation of the data. This background value is typical for a silt to 
silty clay material. Inphase background values range between 1 and 4 ppt across the 
site. Areas that have conductivity and inphase readings which deviate significantly from 
these background values are generally considered anomalous and are labeled on the 


interpretation figure with the letters “C” and “I” respectively. 


A number of factors influence the size of an anomaly including depth of burial, type of fill 
(background values), cultural interference, and the instruments orientation relative to the 


object. The interpreted results of the geophysically surveyed area are discussed below. 
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Due to the size and number of anomalous zones and features encountered, the 


anomalies are divided into groups based on similar response and characteristics. 


C1 and C2 designate broad regions of extremely elevated apparent conductivity (>100 


mS/m) and inphase (> 15ppt) data. These anomalous regions are interpreted to 
result from anomalous soil/fill material; porewater conductivity; and possibly 
buried metallic objects of varying shape, size, and depth of burial. The location 
and gradient of C2 implies that it is likely the result of conductive porewater 


moving from the salt dome. 


C3, C4 and C5 designate broad regions of slightly to moderately elevated apparent 


conductivity (50 to 100 mS/m) and inphase (5 to 15ppt) data. These anomalous 
zones surround the extremely elevated regions, C1 and C2. These weaker 
zones are interpreted to most likely result from elevated porewater conductivity 
and anomalous soil/fill material. Buried metal may also exist beneath these 


zones, but to a lesser degree when compared to areas C1 and C2. 


I1 defines a region of elevated inphase data with only a minor change in apparent 


conductivity. This zone is interpreted to result from anomalous soil/fill material, 


which likely has a ‘disseminated’ metal component. 


L171 through L3 are three examples of numerous linear trends which appear in the 


inphase and/or apparent conductivity data. These elongated features are 
interpreted to result from buried pipes, utilities or similar linear objects 
(foundations, trenches). The varying strength (ex. L1 verses L3) of the EM31 
response likely indicates a change in material, depth of burial, or construction. A 
strong response (ex. L1-solid line on Figure5a) likely indicates the presence of 
several metallic/conductive pipes/cables whereas a weak response (L3-dashed 
line on Figure 5a) likely indicates the presence of a nonconductive or deeply 


buried pipe/utility or former excavation. 
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M7 through M4 are four examples of numerous anomalies which are primarily 


scattered about the eastern extent of the site. The signature, shape and gradient 
of these anomalies highly suggest the presence of buried metallic objects of 


varying shape, size, and depth of burial. 


As the primary objective of the geophysical survey was to delineate the most likely 
lateral extent of buried waste/fill indicative of former ‘landfilling’, a second interpretation 
map, Figure 5b, is presented. This figure presents the interpreted limits of ‘landfilling’ 
based on a comparison of the non-intrusive geophysical data interpretation, discussed 
above, to local intrusive test pit information provided by Dillon Consulting Limited. Areas 


that have an anomalous geophysical response and include test pits in which ‘waste’ 
material was observed are labeled ‘27’ on Figure 5b. Areas that have a weak to 
nonexistent geophysical anomalous response but ‘waste’ material was noted in the 


region are labeled ‘Z2’. 


The 27 zone likely reflects the presence of a significant/thick component of waste 
material in the overburden, while the Z2 zones likely reflects the presence of a 


minor/thinner component of waste material. It is also possible that the Z2 zones 


indicate areas where the waste material is predominantly inert, such as glass and paper, 
which would have little or no anomalous geophysical response. Since these areas 
include the assumed “background” conductivity values it is possible that these zones are 
in actuality moderately anomalous and that no true background values exist within the 


survey area. 


The western limit of interpreted ‘landfilling’ is qualitative. Much of the western portion of 
the survey area is dominated by the extremely conductive zone C2 which is likely 
attributable to salt contamination. The presence of this anomally, as well as surface 
metal and the postulated thinning out of waste/fill material to the west does not permit 


the representation of a definitive boundary. However, the location of the interpreted 
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boundary on Figure 5b correlates well with observed test pit information and general 


trends observed in the geophysical data. 


LIMITATIONS OF REPORT 


This report was prepared by Hyd-Eng Geophysics Incorporated for Dillon Consulting 
Limited . The material in it reflects Hyd-Eng’s best judgement in context of the 
information available to it at the time of preparation. This report is based on data and 
information collected during the investigation conducted by Hyd-Eng Geophysics Inc. 
personnel and is based solely on the conditions of the property at the time of the site 
reconnaissance, as described in this report. No intrusive, or direct sampling was 


conducted as part of this survey. 


Any use which a third party makes of this report, or any reliance on or decision to be 
made based on it, are the responsibilities of such third parties. Hyd-Eng accepts no 
responsibility for damages, if any, suffered by any third party as a result of decisions 


made or actions based on this report. 


Hyd-Eng makes no warranty, expressed or implied, and assumes no liability with 
respect to the use of information contained within this report. No changes to the report 


form or content may be made without Hyd-Eng’s written approval. 
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INTRODUCTION 


Dillon Consulting Limited (Dillon) was contracted by the City of Hamilton to conduct a 
geophysical investigation about a former landfill (“Rennie Street Landfill”) located at the 
active Hamilton works yard, Hamilton, Ontario. The investigation was_ specifically 
undertaken to identify anomalous geophysical data that may aid in identifying the lateral 


extent of landfilling within the survey area. 


Initial work completed by Hyd-Eng Geophysics Incorporated (Hyd-Eng report TKO51: 
October 1998) identified the approximate limits of the landfill about the Original Survey 
area. The most recent survey was initiated to geophysically survey the southern portion 


of the works yard not surveyed in 1998. 


SCOPE OF WORK 


An electromagnetic (EM31) geophysical Survey was conducted about the southern 


portion of the Hamilton works yard, an area that is approximately 1.35 hectares in size. 


The geophysical survey was primarily undertaken to delineate geophysical variations 
indicative of anomalous soil/porewater conditions and/or buried metal. These variations 
may then be related to the possible limits of the decommissioned landfill suspected to 


extend westward into the survey area. 


PHYSICAL PROPERTIES 


The measurement of variations in the physical properties of geological units is the basis 
of all geophysical surveys. One of the electrical properties of a material that can be 
measured is its electrical conductivity (milliSiemens/metre). In general, a saturated clay 
overburden will have an apparent conductivity (typically ranging from 30 to 60 mS/m). A 
clean sand, or compact sandy/silty till unit has a conductivity, ranging from 1 to 10 
mS/m. Factors such as porewater conductivity, porosity, degree of saturation, 


compaction, and mineralogy, control the bulk material conductivity and can cause 


variations beyond natural limits. “Leachate” from most landfills will tend to have a 
significantly higher electrical conductivity when compared to ‘clean and_ natural’ 
groundwater. Typically, the leachate will contain chloride ions and other dissolved 
species, which will increase the conductivity of the groundwater. Consequently, as 
leachate moves through the ground it tends to increase the naturally occurring bulk 
apparent conductivity of the subsurface. This conductivity contrast between material 
saturated with natural groundwater and that portion of the ground containing conductive 
leachate (‘plume’) allows the contaminant to be mapped by measuring the changing 


electrical properties (conductance) of the subsurface. 


It should be noted that detection and/or recognition of geophysical anomalies indicative 
of ‘landfilling’ and/or conductive contaminant is highly site specific and is dependent on 
the number of factors. These factors include the concentration of the fill/contaminate; it’s 
depth and thickness, native materials present, as well as local sources of EM or 


electrical interference (“noise”). 


If the subsurface is so conductive so as to cause instrument readings to increase above 
the levels expected from natural materials, designating an area as geophysically 
anomalous is relatively uncomplicated. However, in many cases the identification of 
subtle conductivity or inphase variations as anomalous can be difficult and depends 
heavily on pattern recognition. In the case of a conductive ‘plume’, the pattern would 
normally include a connection to the source, and a trend of decreasing conductivity 
values extending away from the source(s). However, the limits of the “anomalous” zone 
cannot be identified without first defining what is not anomalous (i.e. “backgrounda”.) 
Often in the case of fill it is the irregularity of the response that is the indicative 


parameter rather than the absolute value. 


Background apparent conductivity can vary considerably depending on geologic 
variations, and changes in the water table depth. For example, if water conductivity were 
uniform throughout the site, areas where the water table is shallow (ex. near surface 


water, or moist low lying ground, such as was noted throughout portions of the survey 
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area) will tend to have higher conductivity readings when compared to areas that are 


topographically elevated. 


Defining “background” conditions would be complicated, and the pattern of leachate 
migration from the landfill more difficult to define, if porewater, which has not been 


influenced by the presence of the landfill, also had a variable conductivity. 


It is unlikely that the limits of anomalous zones, as inferred from the geophysical data, 
will correlate exactly with ‘real’ limits of landfilling or contaminant migration based on 
accepted standards. The geophysical anomalies will however be relatively indicative of 
‘significant landfilling’ increased porewater/soil conductivity and therefore the direction of 


possibly existing conductive leachate migration. 


Many forms of groundwater contamination typical of landfill leachate are not electrically 
conductive and will not be mapped by geophysical techniques. Each of these 
contaminants will have its own plume of concentration depending on mobility, adsorption 
and a variety of other factors. Fortunately the “conductivity plume” is typically one of the 
most mobile of these plumes and therefore provides a conservative indication of 


contaminant migration. 


EQUIPMENT AND THEORY 


This survey was carried out with the GEONICS EM31. The EM31 instrument is a 
frequency domain electromagnetic device designed for measuring apparent conductivity 
and is also well suited for buried metal detection. The EM31 utilises the principle of 


electromagnetic (EM) induction to measure the electrical properties of the earth. 


This instrument generates an electromagnetic (EM) field by passing a current through a 
transmitter coil. As the field passes through the ground it induces a small current flow 
within the ground. These ground currents create a secondary EM field in the ground. 


The receiver coil then measures the combined primary (produced by instrument) and 
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secondary EM field (produced by encompassing materials). The instrument then 
converts the EM field properties into quadrature (apparent conductivity) measurements 
of the subsurface in units of milliSiemens per metre (mS/m) and inphase measurements 
in parts per thousand (ppt). The value for the bulk apparent conductivity of the ground 
represents a roughly hemispherical volume of 
Figure 1: EM31 with GPS backpack | radius 5 to 6 metres centred at the operator. The 
inphase response is sensitive to metal and 
relatively insensitive to changes in the apparent 
conductivity of the ground. However, extremely 
high ground conductivity will affect the inphase 
values. The quadrature response is somewhat 


affected by metal. 


For a complete description of the theory of 
operation and technical details of the EM31 


refer to McNeill, 1980. ' 


FIELD PROCEDURES 


The geophysical survey grid was established at the site (Figure 1) using a fence corner 
post, located at the base of Rennie Street, as a local Base line. Several Tie lines were 


also established parallel to the base line. These tie lines allowed the operator to 


" McNeill, J.D. 1980, Electromagnetic Terrain Conductivity Measurements at Low Induction 
Numbers, Geonics Ltd., Note TN-6, 16pp. 
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maintain a consistent line direction and spacing, thereby ensuring adequate and proper 


data coverage. 


Using the Base and Tie line markers as a guide, EM31 data were collected at 
approximately at a 0.75 metre station spacing along lines spaced approximately 5 


meters apart. 


DATA PROCESSING 


Upon completion of each survey day, the EM31 were transferred from the data loggers 


to a portable computer. 


These data were then sorted, gridded, contoured, and plotted at an appropriate scale 
using Geosoft software, a data presentation program developed by Geosoft Limited of 


Toronto, Ontario. 


The results of the EM31 survey are displayed as colour, contoured plots of the apparent 
conductivity (Fig.2) and inphase (Fig.3) data. A consistent colour scheme was, used 
between all EM31 surveyed area, chosen so as to highlight variations in the data. The 
EM31 data are also displayed as colour, contoured plots of the apparent conductivity 
and inphase data. The data were coloured and contoured to represent the complete 
range of values. Background values are generally shown in yellow and green. Red and 


blue colours represent anomalous readings above and below background, respectively. 


Interference from surface metal will affect the instruments’ response to nearby 
subsurface anomalous features. When the extent of this interference is unknown, 


buried features located adjacent to or directly below the source of interference may go 


undetected. 
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RESULTS 


Anomalous areas not attributed to cultural interference, or other explainable sources, 
are highlighted on the interpretation maps (Figure 4). Note that definitive background 
have not been established in the geophysical data. Although limited areas of relatively 
lower conductivity values are noted, these are dispersed between broad zones of 
extremely high conductivity and cannot be established as “natural”. However, for 
interpretative purposes a background conductivity value of 35 to 45 mS/m has been 
estimated for the interpretation of the data. This background value is typical for a silt to 
silty clay material. Inphase background values range between 1 and 4 ppt across the 
site. Areas that have conductivity and inphase readings which deviate significantly from 
these background values are generally considered anomalous and are labeled on the 


interpretation figure with the letters “C” and “I” respectively. 


A number of factors influence the size of an anomaly including depth of burial, type of fill 
(background values), cultural interference, and the instruments orientation relative to the 
object. The interpreted results of the geophysically surveyed area are discussed below. 
Due to the size and number of anomalous zones and features encountered, the 


anomalies are divided into groups based on similar response and characteristics. 


C1 and C2 designate broad regions of extremely elevated apparent conductivity (>75 
mS/m) and inphase (> 15ppt) data. These anomalous regions are interpreted to 
result from anomalous soil/fill material; porewater conductivity; and possibly 


buried metallic objects of varying shape, size, and depth of burial. 


C3 designates a broad region of slightly to moderately elevated apparent conductivity 
(50 to 75 mS/m) and inphase (5 to 15ppt) data. This anomalous zone surrounds 
the extremely elevated regions, C1 and C2. This weaker zone is interpreted to 
most likely result from elevated porewater conductivity and anomalous soil/fill 
material. Buried metal may also exist beneath these zones, but to a lesser 


degree when compared to areas C1 and C2. 
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L1 is a linear trend that appears in the inphase and/or apparent conductivity data. This 
elongated feature may result from a significant increase in fill associated with a 


suspected pipe transecting this general area. 


L2 is a weak linear trend that primarily appears in the apparent conductivity data. This 


elongated feature likely results from a metal culvert exposed at either end. 


As the primary objective of the geophysical survey was to delineate the most likely 
lateral extent of buried waste/fill indicative of former ‘landfilling’ the C1 and C2 (>/5 
mS/m) are considered a qualitative indicator. This interpreted limit of ‘landfilling’ is based 
on a comparison of the non-intrusive geophysical data interpretation, discussed above, 


to local intrusive test pit information provided by Dillon Consulting Limited in 1998. 


The C7 zone likely reflects the presence of a significant/thick component of waste 
material in the overburden, while the C2 and C3 zones likely reflect the presence of a 
minor/increasingly thinner component of waste material. It is also possible that the C3 
zone indicates an area where the waste material is predominantly inert, such as glass 
and paper, which would have little or no anomalous geophysical response. It is highly 


likely that conductive porewater is also contributing to all anomalous readings. 


Since it is assumed that readings below 50 mS/m are considered “background”, it is 
possible that these zones are in actuality slightly anomalous and that no true 


background values exist within the survey area. 


ee 
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LIMITATIONS OF REPORT 


This report was prepared by Dillon Consulting Limited . The material in it reflects Dillon's 
best judgement in context of the information available to it at the time of preparation. 
This report is based on data and information collected during the investigation 
conducted by Dillon personnel and is based solely on the conditions of the property at 
the time of the site reconnaissance, as described in this report. No intrusive, or direct 


sampling was conducted as part of this survey. 


Any use which a third party makes of this report, or any reliance on or decision to be 
made based on it, are the responsibilities of such third parties. Dillon accepts no 
responsibility for damages, if any, suffered by any third party as a result of decisions 


made or actions based on this report. 


Dillon makes no warranty, expressed or implied, and assumes no liability with respect to 
the use of information contained within this report. No changes to the report form or 


content may be made without Dillon's written approval. 
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Figure: 1 
Sunvey ss Cuons 


Project: Rennie Street Landfill - Southern area 


Location; Hamilton, Ontario 


Client; City of Hamilton 


Note: This diagram must be used with and 
in the context of the accompanying 
geophysical report. Instrument: EM 31 
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Figure: 2 
Apparent Conductivity 


Project: Rennie Street Landfill — Southern area 


Location: Hamilton, Ontario 
Client: City of Hamilton 


Note: This diagram must be used with and March 26, 2000] Project No.: 00-7447-0300 


in the context of the accompanying 
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Inphase 


Project: Rennie Street Landfill - Southern area 


Location: Hamilton, Ontario 
Client: City of Hamilton 


Note: This diagram must be used with and 
in the context of the accompanying 
geophysical report. 
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Figure: 4 
Interpretation Map 


Project: Rennie Street Landfill — Southern area 


Location. Hamilton, Ontario 


Client: City of Hamilton 
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Figure: 1 


Survey Stations 


Project: Rennie Street Landfill -— Southern area 
Location: Hamilton, Ontario 
Client: City of Hamilton 
Note: This diagram must be used with and Survey Date: March 26, 2000] Project No.: 00-7447-0300 
in the context of the accompanying 
geophysical report. Instrument: EM31 aS 
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Figure: 2 
Apparent Conductivity 
Project: Rennie Street Landfill - Southern area 
Location: Hamilton, Ontario 


Client: City of Hamilton 


Note: This diagram must be used with and Survey Date: March 26, 2000] Project No.: 00-7447-0300 
in the context of the accompanying 
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Note: This diagram must be used with and 
in the context of the accompanying 
geophysical report. 


Figure: 3 
Inphase 


Project: Rennie Street Landfill - Southern area 


Location: Hamilton, Ontario 


Client: City of Hamilton 


Survey Date: March 26, 2000] Project No.: 00-7447-0300 
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Project: Rennie Street Landfill — Southern area 
Location: Hamilton, Ontario 
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APPENDIX E 


Summary of Chemical Analytical 


Data \ ——_ 


Table E-1 


Table E-2 


Table E-3 


Table E-4 


Table E-5 


Table E-6 


Table E-7 


Table E-8 


Table E-9 


Table E-10 


Table E-11 


Table E-12 


Table E-13 


Table E-14 


Table E-15 


Table E-16 


Table E-17 


List of Chemistry Tables 


Native Soil Analytical Results - Metals and General Chemistry Parameters 


Native Soil Analytical Results - Polycyclic Aromatic Hydrocarbons 
(PAHs) 


Native Soil Analytical Results - Volatile Organic Chemicals (VOCs) and 
Total Petroleum Hydrocarbons (TPH) 


Native Soil Analytical Results - Polychlorinated Biphenyls (PCBs) 
Fill and Waste Analytical Results - Metals and General Parameters 
Fill and Waste Analytical Results - PAHs 

Fill and Waste Analytical Results - VOCs and TPH 

Waste Analytical Results - PCBs 

Waste Analytical Results - Regulation 347 Leachate Extraction Analysis 
Leachate Analytical Results - General Chemistry and Metals 
Leachate Analytical Results - VOCs and TPH 

Leachate Analytical Results - PCBs 

Leachate Analytical Results - PAHs 

Surface Water Analytical Results - Metals and General Chemistry 
Surface Water Analytical Results - VOCs, PCBs and TPH 

Surface Water Analytical Results - PAHs 


Creek Bank Soil Analytical Results - VOCs (BTEX), TPH and PCBs 


Parameter 


General Chemistry Parameters 


Cyanide 

Nitrogen T. Kjeldahl as N 
Nitrogen Total (%) 

pH 

Conductivity (mS/cm) 
SAR 

Total Phenolics 

Solids Total 

Ammonia as N 


Metals 


Antimony 
Arsenic 

Banum 

Beryllium 

Boron (Available) 
Cadmium 
Chromium 
Chromium (V1) 


Molybdenum 
Phosphorous 
Nickel 
Selenium 


TABLE E-1 
RENNIE STREET LANDFILL 
NATIVE SOIL ANALYTICAL RESULTS 
METALS AND GENERAL CHEMISTRY PARAMETERS 


Sample ID MW6-11 MW6-13 MW6-60 
Sample Depth (m)| 10.7 - 11.1 |12.2 -13.14my 1.52 - 2.13 
Soil Soil 


*1 MOE Table B Units aoe | 
Criteria 


mg/kg 
mg/kg 
% 
PH units 
mS/cm 


mg/kg 
% 
mg/kg 


*1 Ministry of Environment, Guideline For Use At Contaminated Sites in Ontario, Feb, 1997; Surface soil 
criteria for industrial/commercial land use for a non-potable groundwater condition, criteria for coarse grain soil. 


"nv" = no value in Guideline 
"-" = sample not analyzed 


Dillon Consulting Ltd. 
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MW6-63 
0.1 - 0.61 
Soil 


MW 6-64 
0.1 - 0.76 
Soil 


8/22/00 


TABLE E-2 
RENNIE STREET LANDFILL 
NATIVE SOIL ANALYTICAL RESULTS 
POLYCYCLIC AROMATIC HYDROCARBONS (PAHs) 


Sample Location and Depth 


*1 MOE Table B MW6-11 MW6-13 
Parameter Criteria ON e=blied 12.2 -13.1m 


BenzofaJanthracene 
Benzo[b]fluoranthene 
Benzoj[k]fluoranthene 
Benzo(ghi]perylene 
Benzo[a]pyrene 
Chrysene 
Dibenzofa,hJanthracene 
Fluoranthene 

Fluorene 
Indeno[1,2,3-c,d]pyrene 
Naphthalene 
Phenanthrene 

Pyrene 


*1 Ministry of Environment, Guideline For Use At Contaminated Sites in Ontario, Feb, 1997; Surface soil 
criteria for industrial/commercial land use for a non-potable groundwater condition, criteria for coarse grain soil. 
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TABLE E-3 
RENNIE STREET LANDFILL 
NATIVE SOIL CHEMICAL ANALYTICAL RESULTS i 
VOLATILE ORGANIC COMPOUNDS (VOCs) AND TOTAL PETROLEUM HYDROCARBONS (TPH 


Sample Designation | Mw6-60 SS3| MW6-63 SS1 MW6-64 SS1 
Sample Depth (m) 


Compound 


MOE Table B 
Soil Criteria “1 


Lie is a Ta Le ee ee ae ee ee 
Chioreethane 0 a gigs 0 fs 10} < 10 
i1,1-Dichioroethyiene | aT ugkg | 2 <2 | <2 
t-1,2-Dichloroethylene | 4100 Tugkg ff <5 | <5 | <5 
Methyl Ethyl Ketone | 38000 ugrkg |< 20 |< 20 |< 20 | 
Cis-1,2-Dichloroethylene_ | 2300 | ugkg | | <5 TKS 
\Carbon Tetrachionde | 100 | ugk | <5 | <5 | <5 
[Bromodichloromethane_ | 25000 | ugkg | <5 | <5 <5 


TPH C6 -C10 1000(Total 
TPH C10 - C24 1000(Total 
TPH (Heavy Oil) 5000 mg/kg 


NOTES: *-* = not analysed, nv = no value 
*4 = Ministry of the Environment, Guideline for Use at Contaminated 
Sites in Ontario, Feb 1997; Surface soil critena for Industnal/ 
commercial land use for a non-potable groundwater condition, 


Criteria for course grained soil 
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GENERAL PARAMETERS 


Cyanide 

Nitrogen T.Kjeldahl as N 
Nitrogen Total (%) 

pH 

Conductivity (mS/cm) 


Total Phosphorus 
Vanadium 
Zinc 


“nv” = no value in Guideline 
*-" = sample not analyzed 


“1 Ministry of Environment, Guideline For Use At Contaminated Sites in Ontario, Feb, 1997; Surface soil 


Sample ID 


Sample Depth (m) 


Matrix 


"1 MOE Table B 
Criteria 


maj/kg 
mg/kg 
% 
PH units 
mS/cm 


mg/kg 
% 
mg/kg 


TABLE E-5 
RENNIE STREET LANDFILL 
WASTE ANALYTICAL RESULTS 
METALS AND GENERAL PARAMETERS 
Monitoring Weils 


MW6-13 
3.0 -6.5 
Waste 


MW6-14 
7.6-9.8 


Waste 


criteria for industrial/commercial land use for a non-potable groundwater condition, criteria for coarse grain soil 


*2 SAR = Sodium Adsorption Ratio 
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MW6-59 MW6-61 BH6-62 MW6-65 | TP28-9.5" 7-4 
1.52-2.13| 3.81-4.4 | 3.81-44 | 0.76-1.37] 0.1-0.76 2.89 1.22 
Waste Waste Fi Fill Waste 
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Parameter 


Monitoring Wells/Boreholes 


TABLE E-7 


RENNIE STREET LANDFILL 


WASTE SOIL ANALYTICAL RESULTS 
VOLATILE ORGANIC COMPOUNDS (VOCs) AND TOTAL PETROLEUM HYDROCARBONS (TPH) 


Sample Depth (m 152-213 | 381-442 


Sample Designation | Mw6-s9 SS3|Mw6-59 SSqMWe-61 ssq BH6-62 SS2 


381-442 


Matnx 


Waste Waste 


Waste 


MOE Table B Units 
Soil Criteria *1 


mwe-65 | TP27-4' | 1P28-95' | 1P31-s' | TP322.9 | PaaS" TP34 7" 
0.1-0.76 1.21 2.89 1.52 06-091 2.89 2.43 Py el (ee = 
| Waste [Waste [Waste |" Fin | Waste [Fi | Fill 


Fil, 


1,1,1-Trichloroethane 
|Carbon Tetrachionde 


1,2-Dichloroethane 22 ug/kg 


sl ae eed 
[ <0 [<1 | <7] 
3 ugg | <4 [<3 | <3 | <s 
Bromomethane 61 us <13 <10 < 10 <10 < 10 
(Chioroethane av eT 13 | <10 | <10 | <10 <10 
Trichiorofiuoromethane nv. ug/kg < 13 <10 <10 <10 Ree Ee Sa 
Acetone 3800__| ug/g _[_< 260_| < 200] < 200] ~< 200 |_<200_|<280_ |< 200_| 
1,1-Dichioroethyiene 24 ug/kg <3 <2 <2 <2 eer Ee ed 
Dichioromethane 140 ug/kg <26 <20 <20 <20 =20 
t-1,2-Dichloroethylene 4100 u <6 <5 <5 <5 GS Ee ee 
Methyit-butyiether(MTBE 720000 | ugg |< 13_| 10 =10 [<t0_|_<14_|_<10_] 
1.1-Dichloroethane 22000 Sian eso eer commleres BEG See) 
Methy! Ethyl Ketone 38000 < 26 < 20 <20 20 CK EO 2 eT 
2300 ug/kg <6 <5 <5 <5 <6 Te BT FS) Ec 
Chiorobromomethane nv g/kg <6 <5 <5 <5 <6 <6 <5 <5 
(Chloroform 790 ug/kg <6 <5 <5 <5 <5 Ramee 


=e) 


TPH C10 - C24 


TPH (Hea 


NOTES: *-" = not analysed, nv = no value 
*1 = Ministry of the Environment, Guideline for Use at Contaminated 
Sites in Ontano, Feb 1997: Surtace soil cnteria for Industrial! 
commercial land use for a non-potable groundwater condition, 
Critena for course grained soil 
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g <6 <5 <5 <5 ee Ba es a Ee ee) ae 7 ae aso 
9 240 6 <5 ae Be Be 0 a eo er ied 
1.2-Dichlorobenzene 8 13 <5 <5 <6 8 <6 2 A So See 
Total Xyienes Calculated 000 g/kg 39 nd nd nd 8 nd nd nd a 
1.1, 1,2 Tetrachloroethane 19 ug/kg <6 <5 <5 <5 <5 <6 <6 <6 <5 eRe Re 
ee es ee ee ee ae Pers ee es 
[fetal Petroteuun Hydrocarbons [Sse] | of ie | na [| a | 
1000(Total, DZ BW DC OP = | 
akg | 4180) [331 [103 <40_[<a0 10900 585 | <40_ | 235 [<40_ | <40_ [3620 | 107 
Oil) 5000 [_ 1460 | <100 | 249 | 5490 7160_] 
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TABLE E-8 
RENNIE STREET LANDFILL 
WASTE ANALYTICAL RESULTS 
POLYCHLORINATED BIPHENYLS (PCBs) 


Sample Location Sample Depth PCB Concentration 


BH6-14 (duplicate) 
MW6-14a 
MW6-14a 
MW6-14a 
MW6-14a 
MW6-14a 
MW6-14a 


10.7 - 11.3 
11.4- 12.1 
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TABLE E-8 
RENNIE STREET LANDFILL 
WASTE ANALYTICAL RESULTS 
POLYCHLORINATED BIPHENYLS (PCBs) 


Sample Location Sample Depth PCB Concentration 
m.b.g.s ug/g 


0.8 - 1.4 
3-3.7 
6.9'- 7.5 
9.1 = 9.7 
1057-1123 


its 
MW6-43 §.2-6.8 0.41 

MW6-44 10.8-11.4 4.5 

BH6-45 9.2-9.8 2.06 

BH6-46 7.7-8.3 Zico 

MW6-59 3.81 - 4.42 0.032 


MW6-42 6.2-6.8 38.82 
MW6-42 7.4-8.3 6.38 


MW6-61 0.059 


TP28 - 9.5! 
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TABLE E-8 
RENNIE STREET LANDFILL 
WASTE ANALYTICAL RESULTS 
POLYCHLORINATED BIPHENYLS (PCBs) 


Sample Location Sample Depth 


PCB Concentration 


Ministry of Environment, Guideline for Use at Contaminated Sites in Ontario, February 1997; PCB criteria for 
Industrial/Commercial Sites is 25 ug/g. 


"m.b.g.s" = meters below ground surface 
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TABLE E-9 
RENNIE STREET LANDFILL 
WASTE ANALYTICAL RESULTS 
REGULATION 347 LEACHATE EXTRACTION ANALYSIS 


Schedule 4 - * MW6-13 
Parameter Criteria * .0 - 6. .0 -6. 3.0 - 6.5 
mg/L ° mg/L 


Chromium 
Cyanide (Free) 
Fluoride 

Lead 

Mercury 
Nitrate 

Nitrite 
Selenium 
Silver 


* General - Waste Management Regulation, R.R.O. 1990, Reg. 347, Schedule 4 - Leachate Quality Criteria. 
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TABLE E-10 
RENNIE STREET LANDFILL 
LEACHATE ANALYTICAL RESULTS 
GENERAL CHEMISTRY AND METALS 


ols 


ae Bs es SS Se] 
{ <0.03 | 015 [2 Tosi [oo | oom J 018 | 


Stee ee set ser eae 
| <01 | <002 0.003 | <0005 | 0.004 


=|2}>)2/2/- 


| <0.002 |’ <0.002 | <0.002 | 
[| 9.37_] 413 | 046 | 245 | 
[<0.01_| | <0.001 | 0.0002 | 0.0001 | 0.0001 | <0.0001 | < 0.0001 | 


0.075 <0.01 


2]o/o)s]a}2 jo] g)o}ar 


Laat oe] 
| <o1 [02 fo1 _{ <o1 [01] 


[<o1] 
[ <oo1 | o008_{ <0.002 | O07 | 001 | oo12 


[674 | 334 | 409 | 
< oo o2 |< — [acer [ome | com fe<oo0e 


oT oe <a <o0001 


559 


Sse 
Sees oe ae 


See osphorus as P. 


Phosphorus, Diss. Orth as P 


Conductivity (Lab) 
Solids Suspended 


| <0.05 | 
jp et 
< 0.0001 
aa zones] am aa [aot] HS aos 
SSE ites <0.01 <05 <0.01 <0.01 [025 | 0206 | 0.296 
ie ees ee ae ee 
| US f= Uppal 
SS ee 


ste 
ee eee ed G2 a SSeS ——— oo 
a 2 A A A A A 


fv =n0 = US =conductivity meter unservicable 
oy = Ministry of the Environment, Guideline for use at Contaminated Sites 
in Ontario, Feb 1997, Surface soil criteria for all land uses for a 
non-potable groundwater condition, criteria for course grained soil 
Oup = Ouplicate sample 
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TABLE E-10 Con't 
RENNIE STREET LANDFILL 
LEACHATE ANALYTICAL RESULTS 
GENERAL CHEMISTRY AND METALS 
‘Sample location 
Date 


[seonr [enone [<oonr| <0.01 | <0.01 [ <0.002 | <0.002 | 
a 
<0.001 | 0.0001 | 


2 ]or]2 [a] a] S}on}2 |o]gjolen 


ae ae poaieiza| i | 0.744 | 

< 0.0002 |< 0.0005 ee | 0.0002 ‘9.0002 [0.0002 | 0.0002 | 0.0002 |< 0.0002 | 
<0.002 | <0.01 | <001 | <0.002 | 0.003 | <0.002 | 
= 0.005 | <0.05 | <0.05 See =208 0.01 
<0,001 


8 0.0049 
| 0.005 _| 


[amos voor [=oa0r| 
[-<o0o1 {3.004 | 
[0.005 | 0.008 | 0.005 008 =0.05 | 0.014 [0.003 | <0.002 | 
Saas 0.47 {0.061 | 0.506 e008] oz0s—[ oor [00st 
[as arr a | a |_|] 


eee se ee re a ee a 

6.56 ae ae a eee we ee a el oe ee Se 
gos | 725 | 780 | 674 | 757 | 756 [ 755 | 604 | 697 [| 746 [ 75 | 797 | 103 [ 722 | 812 | 
7.99 [60s 0.77 


es 

LT =a ae ea | 

[Nitratenitrte-N ew 

rl a a a a eS SS ay are) ee | Ee Soy a 

as a a | 
[oor | [0.01 | o69 [007 | 0.009 | 0984 | 0.018 | 0.029 | 0.038 | <0.01_| [ 141 | 0.38 | 

[ <o01 | 013 [ <001 [ <o01 [ <o01 | 


Piss [ a are ar {ot [0 tao Pare] Binns <a e 
ra 16 12 So 
225 + ss = 91 [739 | 367 [358 | 

[195 T1550 [1230 _| 


Oil & Grease (Min/Syn.) 
Ol & Grease (Animai/Veg 
= not analysed, nv = no value, US =conductivity meter unservicable 
*1 = Ministry of the Environment, Guideline for use at Contaminated Sites 
in Ontano, Feb 1997; Surtace soil criteria for all and uses for a 
non-potable groundwater condition, criteria for course grained soil 
Dup = Duplicate sample 
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TABLE E-11 
RENNIE STREET LANDFILL 
LEACHATE ANALYTICAL RESULTS 
VOLATILE ORGANIC COMPOUNDS (VOCs) TOTAL PETROLEUM HYDROCARBONS (TPH) 


Sample Designation | mwe-11 | Mwe-11 | mwe-12 | mMwei2 | Mwe12 | MW6-13 | MW6-13 wior SPRING | Mmwe-21 | mwe-23 | mwe-23 | Mwe-25 | mMwe42 | mwe4z | mwe43 | mwe4s | mwese | Mess | mwea7T | mwe4s 
Sample Date} Sept 26/97 | May 9/00 | Sept 2697 | Sept 26/07 | May 9/00 | Sept 26/97 | May 9/00 | Sept 26/07 | Oct21/97 | May 10/00 | May 10/00 | May 10/00 | May 10/00 | Oct 1a/98 | May 10/00 | Oct 13/98 | Oct 13/98 | Oct 13/98 | May 10/00 | May 11/00 | May 11/00 
*1 MOE Tabie B Dup 


[2 <0] <4.9. [04 2) < 43m [<04) |r<0stei [ies 22 0 |< 22m [ime 22 Zoe s0tea | es 22 <0.1 
<0.1 <22 
<0.1 <22 <22 <22 <0.1 <22 j <22 
Sane (IE en) een ee Ee <22 


Acetone - a ES 85 | 140 | 120 = 
1,1-Dichloroethene <0.4 <86 <0.1 
Dichioromethane <0.4 0 <0.1 


t-1,2-Dichloroethene <0.4 5 
Methyi-t-butyi Ether(MTBE i Se (LT oe at a 
<01 


1,1-Dichloroethane <01 [ <1. i ; l f ; : ; i 

Methy! Ethyl Ketone <7 

icis-1 ,2-Dichloroethyiene <i7 : i K K K <8.6 q 
<8.6 


[Chiorobromomethane | nv ugh < 1.7 : ; ( y y ; = 
Chloroform <0.1 <17 ¥ E F z <86 
1,2-Dichloroethane < 0.4 A k i ; E <8.6 
1,1,1,-Trichloroethane ug/L <01 <01 i ‘| i i E i 

Carbon Tetrachlonde 


<014 


[ <0.1 | <86 | <0. . 

2 <86 <0.1 <0.1 
<0.1 <0.4 . 5 
[KOM nll aS 220 | Oi oO [es [S22 22 oo 
| <86_ | | <86 | <8 | <86 | 


icis-1,3-Dichloropropene 3.8 


.1,2-Trichloroethane 


. j 
2-Hexanone 


Chlorodibromomethane g j E . <0.1 
g . . <0.1 t 
. : E <0.1 < 0.4 


| <01 | 
P <o1 | 
P <o1 | 
EOF ; g 
y! Isobutyl Ketone paeaor a) en Ee eer ar | Tiois] Far a 
t-1,3-Dichloropropene 3.8 (Total g i [ <01 | i : F F K ; ¥ <8.6 <86 <86 | <86 | 
E : F ; f 5 . if . R <0.1 <0.1 <0.1 <8.6 
enzo [20 | 
ere) 
son) 
[| <0.1 | 
| <0.1 | 


[1.3-Dichlorobenzene | 7600 ugh 
9 
g 
[Total Xylenes (calculated) | 5600 
[1.1.1.2 Tetrachloroethane | 6 ——id 
TPH C10 - C24 — mg/L 
TPH (Heavy Oil) mg/L 
NOTES. *-" = not analysed, nv=no value , Dup = Duplicate sample 
"1 = Ministry of the Environment, Guideline for Use at Contaminated 

Sites in Ontario, Feb 1997; Surface soi criteria for all land 

uses for a non-potable groundwater condition, criteria for course 

rained sod 
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Parameter *1 MOE Table B 
Criteria 


TABLE E-11 Con't 
RENNIE STREET LANDFILL 


LEACHATE ANALYTICAL RESULTS 
VOLATILE ORGANIC COMPOUNDS (VOCs) and TOTAL PETROLEUM HYDROCARBONS (TPH) 


Sample Designation MW649A | MW6-49B | MW6~498 MW6-50 MW6-S1A | MW6-518 | MW6-S2A | MW6-52B | MW6-53A | MW6-538. MW6-57 
Sample Date} May 11/00 | May 12/00 | May 12/00 | May 11/00 | May 18/00 | May 17/00 | May 17/00 | May 17/00 | May 17/00 | May 17/00 | June 21/00 
Dup 


MW6-S8A MW6-58B MW6-59 MW6-59 MW6-60 MW6-61 Gw3 Gws Gwe 
Juty 13/00 Juty 12/00 | Juty 12/00 | July 12/00 July 1200 | July 12/00 | June 21/00 | June 21/00 | June 21/00 


Tnichlorofluoromethane 


SP2 
May 18/00 


7 <22 | <22 | <05 
<22 <22 | <05 | 


Acetone 


1,1-Dichloroethene 
Dichloromethane 
t-1,2-Dichloroethene 


Methyi-t-butyi Ether(MTBE 


1,1-Dichloroethane 


Methy! Ethyl Ketone 


cis-1,2-Dichloroethylene 


Chlorobromomethane 


Chioroform 


1,2-Dichloroethane 
.1,1,-Tnchloroethane 


romodichloromethane 


ea icis-1,3-Dichloropropene 


Methyl lsobutyi Ketone 
t-1,3-Dichloropropene 


SN. 2 <17 


[ <26 | [=< 26am <13 


Te ee Be RE 


<9 
na Ye 
<86 


<17 


1,2-Dichlorobenzene 


Total Xylenes (calculated) _ 


1,1,1,2 Tetrachloroethane 


<0.2 
<0.2 
0.2 


34] 12 | <22 
<03 | <13 | <03 | <03 | 


TPH (Heavy Oil) 
NOTES. *-" = not analysed, mv=no value, Oup = Duplicate sample 
“1 = Ministry of the Environment, Guideline for Use at Contaminated 
Shes in Ontario, Feb 1997, Surtace sod criteria for all tand 
uses for a non-potable groundwater condition, criteria for course 
grained sod 
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Table E-12 
RENNIE STREET LANDFILL 
LEACHATE ANALYTICAL RESULTS 
POLYCHLORINATED BIPHENYLS (PCBs) 


Sample Location Sample Date *1 MOE Table B Units PCB Concentration 
Groundwater ug/L 
MW6-11 Oct 21/97 0.2 ug/L <0.1 
May 9/00 0.2 ug/L 0.4 
1 


Oct 21/97(Dup 0.2 ug/L 0.06 
May 9/00 0.2 ug/L 0. 
MW6-14A Oct 21/97 0.2 ug/L 18 
Oct 21/97(Dup) 0.2 ug/L 124 
Apr 27/98 0.2 ug/L 
Prone i 
Oct 21/97(Dup Oe ug/L 
i ae 
MW6-21 May 10/00 0.2 ug/L 


MW6-22 Apr 27/98 
0.2 


MW6-23 Apr 27/98 


23 

9 

Z 

dee 

6.5 

: ug/L 4 

May 10/00 0.2 ug/L 2.9 
May 10/00(Dup 0. ug/L ee 
21 


2 
May 10/00 0.2 ug/L 
3 
May 10/00 0.2 ug/L 0.38 
Oct 13/98(Dup OZ ug/L 1 
May 12/00(Dup 0:2 ug/L <0.02 
MW6-58A July 13/00 0.2 ug/L <0.02 
MW6-59 July 12/00(Dup 0.2 ug/L 0.14 
[_Mwe-61_ | —sdulyizoo_—O| Tut |G 
NOTES: 
*4 = Ministry of the Environment, Gideline for use at Contaminated Sites in Ontario, Feb 1997: Surface 


soil criteria for all land uses for a non potable groundwater condition, criteria for course grained soil 
Dup = Duplicate sample 


& 
< 
le 
6. 
She 
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Table E-15 
Surface Water Analytical Results - VOCs, PCBs and TPH Parameters: 
Rennie St. Landfill, Hamilton, Ontario 
Seep water Outfalls 


Sample Location $2 $2 S4 38 ry S12 Si4 315 Ss S19 $20 PT Pz P3 Pa Pa 

Sample Date Nov 2099 Mert00 Many 400 Many 4200 May 400 Mey so Mey 400 Mey 400 Me 1s00 Mw $300 xt 13908 Ma 2100 Mar 21700 Ox 1308 Ont 1388 
Parameter Pwao all 

Criteria Units 

Volatile Organic Compounds 
Chioromethane 700 ug/L - <43 <22 <43 <43 <22 <22 <22 <22 43 <43 <0.1 <0S <05 <01 <0.1 
Vinyt Chionde 600 ug - <43 <22 <43 <43 <22 <22 <22 <22 43 <3 <01 <05 <05 <0.1 <0.1 
Bromometnane og ugh - <43 <22 <43 <43 <22 <22 <22 <22 <43 <3 <0.1 <05 <05 <4 <01 
Chioroethane nv ug. . <43 <22 <43 <43 <22 <22 <22 <22 <43 <3 = <05 <05 5 5 
Trichlorofiuoromethane nv ugh - <26 <13 <26 <26 <13 <13 <13 <13 <26 <26 <01 <03 <03 <1 <0.1 
Acetone nw ug : 25 10 160 23 14 16 54 13 <17 <7 = <2 <2 e: - 
1.1-Dichiorvethylene 40 ug/L - <17 <09 <17 <17 <09 <09 <09 <09 <7 <17 <0.1 <02 <02 <01 <0.1 
Dichioromethane (Methylene Chloride) 100 ug . <9 <4 <9 <9 <4 <4 <4 <4 <2 <9 <04 <1 <1 <1 <0.1 
trans-1,2-Dichlorvethyiene 200 (Total) ug/L : <17 <09 <17 17 <09 <09 <09 <09 <17 <17 <01 <02 <02 <01 <01 
Methy+t-buty! Ether (MTBE) 200 ug : <86 <43 <66 <86 <43 <43 <43 <43 <8.6 <86 - <1 <1 - - 
1,1-Dichloroethane 200 ug/l. a <17 <09 <17 <17 <09 <09 <09 <09 <17 <17 <01 <02 <02 <4 <01 
Methyi Ethy! Ketone (MEK) 400 ug - <17 <9 7 <17 <9 <9 <9 <9 <17 <17 - <2 <2 - - 
cis-1,2-Dichioroethyiene 200 (Total) ug : <17 <09 <17 <17 <09 <09 <09 <09 <7 <17 - <02 <02 - . 
‘Chiorobromomethane ov ug <17 <09 <17 <17 <09 <09 <09 <09 <7 <7 - <02 <02 - - 
|Chiorotorm nv ug - <17 <09 <17 <17 <09 <09 <09 <09 <7 <7 <01 29 <02 <1 <01 
1,2-Dichiorvethane 100 ug : <17 <09 <17 <17 <09 <09 <09 <09 a7 <17 <0.1 <02 <02 0.4 <O.1 
1,1,1,-Trichioroethane 10 ugh - <17 <09 <17 <17 <09 <09 <09 <09 <17 <17 <0.1 <02 <02 <0.1 <01 
Carbon Tetrachionde wv ug <17 <09 <17 <17 <09 <09 <09 <09 <17 <7 <01 <02 <02 0.1 <04 
Benzene 100 ug "1 <17 15 21 W 22 18 32 <09 19 13 <0.1 <02 Os <0.1 04 
1,2-Dichioropropane o7 ug/L - <17 <09 <17 <17 <09 <09 <09 <09 <17 <17 <0.1 <02 <02 <0.1 <0.1 
Thichloroethylene 20 ug : <17 <09 <17 <17 <09 <09 <09 <09 a7 A7 <04 <02 <02 <O1 <0.1 
Bromodichioromethane 200 ug/l : <17 <09 <17 <17 <09 <09 <09 <09 <17 <7 <0.1 32 <0.2 <0.1 <0.1 
|cts- 1 3-Dichtoropropene wv ug - <43 <22 <43 <43 <22 <22 <22 <22 Ag <43 <0.1 <05 <05 <0.1 <1 
Methy\ Isobuty! Ketone nv ug/L : <17 <9 <17 <17 <9 <9 <9 <9 <17 <17 = <2 <2 = = 
ltrans-1,3-Dichioropropene 7 ug - <17 <09 <17 <17 <09 <09 <09 <09 <17 <17 <0.1 <02 <02 <0.1 <0.1 
1,1,2-Trichiorvethane 800 ug = <17 <09 <17 <17 <09 <09 <09 <09 <17 <a17 <0.1 <02 <02 <0.1 <0.1 
Toluene o8 ug 99 <17 09 <17 <17 <09 2 36 <09 <17 <7 <01 <02 <02 0.1 <01 
|2-Hexanone nw ug - <17 <86 <17 <17 <86 <86 <86 <66 <17 <17 - <2 <2 - - 
\Chiorodibromomethane 40 ug - <17 <09 <17 <17 <09 <09 <09 <09 <17 <17 <0.1 18 <02 <0.1 <O0.1 
1,.2-Dibromoethane nv ug - <17 <09 <17 <17 <09 <09 <09 <09 <17 <17 - <02 <02 - - 
Tetrachioroethylene 50 ug - <A7 <09 <17 <17 <09 <09 <09 <09 a7 a7 <0.1 <02 <02 0.4 <0.1 
1,1,2,2-Tetrachloroethane 70 ug. : 38 <09 <17 <17 <09 <09 WwW 26 <17 <A7 <01 <02 <02 <0.1 <0.1 
|Chiorobenzene 15 ug/L . <17 56 230 60 26 <09 14 <09 <7 32 <0.1 <02 2 <0.1 <0.1 
Ethylbenzene 8 ug 58 2 19 7 <17 <09 41 52 <09 22 3s <01 <02 <02 0.1 0.1 
im- & p-Xylenes 30(p-), 2(m-) ug 120 26 24 nN 26 <09 Ss 22 <09 <17 33 <0.1 <02 02 <04 <01 
|Bromoform 60 ug/L - <7 <09 <17 <17 <09 <09 <09 <09 <17 <17 <01 <02 <02 <0.1 <01 
Styrene 4 ug 21 18 17 ae 33 <09 <09 15 <09 a7 <17 <0.1 <02 <02 <0.1 <01 
lo-Xylene 40 ug 120 94 89 83 18 <09 42 6 <09 <17 62 <0.1 <02 <02 <0.1 <0.1 
1,3-Dichiorobenzene 25 ug - 10 65 86 59 <09 <09 <09 <09 a7 <17 <0.1 <02 <02 <1 <0.1 
1,4-Dichiorobenzene 4 ugh - 15 15 32 37 16 12 25 <09 <a17 20 <0.1 <02 1s <1 <01 
1,2-Dichlorobenzene 25 ug - <17 12 <17 <17 <09 <09 <09 <09 <7 20 <01 <02 <02 <01 <0.1 
1,1,1,2-Tetrachloroethane 20 ug/l - <1.7 <09 <17 <7 <0.9 <09 <0.9 <0.9 a7 <A17 : <02 <0.2 - - 
Pca 0.001 ug/L 4 26 300 16 0.81 0.12 0.02 0.03 <0,02 <0.04 0.85 <1 0.09 01 <a <1 
Total Petroleum Hydrocarbons 
Purgable TPH <= C10 nv mo 0.83 0.08 0.07 o4 0.18 0.02 0.03 0.03 0.06 <0.01 0.02 - <0.01 <0.01 - - 
TPH C10-C24 nv mot 26 16 16 1s Os 08 <02 1 <0.2 
TPH ~ Hot (Heavy of>C25) 


NOTES: 
* = not analysed 

nV = no valve 

PWQO = Water Management Policies, Guidelines, Provincial Water Quality Objectives of the Ministry of Environment and Energy (PWQO) July 1994 
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Table E-14 


Surface Water Analytical Results - Metals and General Parameters 


Rennie St. Landfill, Hamilton, Ontario 


Sample Location 
Sample Designation 
Sample Date 


$2 
2 
Now 2899 


Seep water 


Outfalls 


Surface water 


$12 S14 $15 
yz eansee vecsenee | ste cunwen 
May 4/00 May 400 May 4200 


P3 


General Chemistry 

pH (Field) 

Conductivity (Field) 
Temperature (Field) 
C.0.D. Total 

Cyanide, Total as CN 
IpH Value (Lab) 
Ammonia as N 
Nitrogen,T. Kjeldahl as N 
Nitrate as N 

Nitnte as N 

Nitrate + Nitnte as N 
Carbon, Diss. Org. (DOC) as q 
Phosphorus, Total as P 
Phosphorus, Diss.Orth as P 
Conductivity (Lab) 


Silica, Reactive as SiO2 
Calculated Hardness CaCO3 
Turbidity 

Total Phenolics (4-AAP) 
Bicarbonate as HCO3 
Carbonate CO3 


NOTES: 
*-“ = not analysed 
nv = no value 


PwaQo 
Criteria Units 


0.01}015 - 0.075 


ECC SCES CEL COLO CEC ee eet eeceecey 


wv 

nv 

nv 
0.005 
65-85 PH units 
D2 (un-ioniza 
mg/L 
mg/L 


2630 
1.9 
< 0.001 
0.05 
0.19 
< 0,002 
< 0.01 
0.255 


4650 
1.96 
< 0.001 
0.04 
0.29 
< 0.002 
0.035 
0.488 


PWQO = Water Management Policies, Guidelines, Provincial Water Quality Objectives of the Ministry of Environment and Energy (PWQO) July 1994 


N.S. = not suitable for analysis 


“1 - Criteria is dependent on one or more of the following; pH, temperature and /or hardness 
*2 - Criteria is for tnvalent chromium. Criteria for hexavalent chromium is 0.001mg/L 


nv = no value 
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Table E-17 
Creek Bank Soil Analytical Results 
Rennie Street Landfill, Hamilton, Ontario 
Sample location $2 $3 S4 ss S6 

Sample Date Nov 29/99 Nov 29/99 Nov 29/99 Nov 29/99 Nov 29/99 
Parameter Criteria*1 Units 
VOLATILE ORGANIC COMPOUNDS (BTEX) 
Benzene 5300 ug/kg < 1600 < 1100 
Toluene 34000 ug/kg < 1600 250000 
Ethylbenzene 290000 ug/kg < 1600 100000 
m&p-Xylenes 34000(Total) ug/kg 3400 36000 
o-Xylene 34000(Total) ug/kg 1700 14000 
Styrene 1200 ug/kg < 1600 2000 


TOTAL PETROLEUM HYDROCARBONS 
Purgable TPH <= C10 1000(Total) 220 
TPH C10-C24 1000(Total) 2660 
TPH - Heavy oil>C25 5000 2120 


PCB 25 
NOTES: 


*-"Not Analyzed 
"1 Ministry of Environment, Guideline For Use At Contaminated Sites in Ontario, Feb 1997; Surface soil criteria for industrial/commercial land use for a non-potable groundwater condition, criteria for course grained soil 


Table E-17 Con't 
Creek Bank Soil Analytical Results 
Rennie Street Landfill, Hailton, Ontario 


Sample location 
Sample Date 


Parameter Criteria*1 
VOLATILE ORGANIC COMPOUNDS (BTEX) 


Benzene 5300 
Toluene 34000 
Ethyibenzene 290000 


m&p-Xylenes 34000(Total) 
o-Xylene 34000(Total) 
Styrene 1200 


TOTAL PETROLEUM HYDROCARBONS 

1000(Total) 

1000(Total) 
5000 


25 


*-" Not Analyzed 
“1 Ministry of Environment, Guideline For Use At Contaminated Sites in Ontario, Feb 1997; Surface soil criteria for industrial/commercial land use for a non-potable groundwater condition, criteria for course grained soil 
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Table E-16 
Surface Water Analytical Results 
Rennie St. Landfill, Hamilton, Ontario 


Sample Location S4 S8 $14 
Sample Designation | $4 11/05/00 S8 08/05/00 S14 08/05/00 
Date May 11/00 May 8/00 May 8/00 


Parameter PWQO 
Criteria Units 


Polychlorinated Aromatic Hydrocarbons 


Fluorene 

Phenanthrene 
Anthracene 
Fluoranthene 

Pyrene 
Benz(a)anthracene 
Chrysene 
Benzo(a)Pyrene 
Indeno(1,2,3-cd)Pyrene 
Dibenzo(a,h)Anthracene 
Benzo(g,h,i)Periene 
1-Methyinaphthalene 
2-Methyinaphthalene 
Benzo(b)Fluoranthene 
Benzo(k)Fluoranthene 


NOTES: 

nv = no value 

PWQO = Water Management Policies, Guidelines, Provincial Water Quality Objectives of the Ministry of 
Environment and Energy (PWQO) July 1994 
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APPENDIX F 


Detailed PCB Sampling and 


Remedial Investigations at S26 ———SF 
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PrLiP*SERVICES 


DILLON CONSULTING LIMITED 

100 Sheppard Ave.,E, Suite 300 
POs BOxe 1850) Statwron A 
TOrTento, ON 

M2N 6N5 


AGtn? “Sean Salvator 
Project: 96-3564-27-08 


JeDs 3950835 


PCB's 
GC/ECD 
Sample Id ug/g 
3564-S2A01 0.88 
3564-S2A02 Oni 
3564-S2A03 6.89 
3564-S2A04 ORs. 
3564-S2A05 Lo. 7 
3564-S2A06 0.48 
3564-S2A07 pee 
@s64-s2a08 0.42 
3564-S2A09 03:06 
3564-S2A10 weg Le 
Blank <0.05 
OC Standard. (found) 97.0% 
QC Standard (expected) LOO. % 
Repeat 3564-S2A01 0.88 


PO 


# : 


Received: 
96-3564-27-08 


Soil samples 


DCBP 


GC/ECD 


Oi 
J Oi 


i265 


a a ga 


% Recovery 


dP dP dP DP dP dD DP § CW It CW It WP VM 


(e) 


18-Feb-99 
Page: 
Copy Lof 
Set 


ii=Feb-99 17301 


Status: 


Pima 


PHILIP SERVICES 


DILLON CONSULTING LIMITED 

100 Sheppard Ave.,E, Suite 300 
PSO, SOs Lo oO sca eons a 
TOLOREO, .ON 


M2N 6N5 

Attn: Sean Salvatori Received: 11-Feb-9399 17:01 
Project: 96-3564-27-08 PO #: 96-3564-27-08 

Job: 9950835 Status: Final 
eee aes ined 


- DCBP = Decachlorobiphenyl (surrogate standard for PCB's) 
> ‘The PCB"s detected an all samples is Aroclor 1260. 
- Surrogate recoveries are not reported for samples requiring dilutions 


All work recorded herein has been done in accordance with normal 
professional standards using accepted testing methodologies and QA/QC 
procedures. Philip Analytical is limited in liability to the actual 
cost of the pertinent analyses done unless otherwise agreed upon by 
contractual arrangement. Your samples will be retained by PASC for a 


period of 30 days following reporting or as per specific contractual 
arrangements. ; 


Job approved by: 


Signed: hr. £ rd 


Medhat Kiskallah, Ph.D., CsChem. 
Manager, Gas Chromatography Section 
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Slope Stabilty Evaluation 
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Ms. Patsey D. Duever, M.A.Sc. “47 E> io 

Dillon Consulting Limited ae ae i 

1425 Bishop Street “ £009 


Cambridge, Ontario 


N1R 6J9 


Dear Ms. Duever 


Slope Stability Evaluation 
West Slope of Redhill Creek 
North of Rennie Street 
Hamilton, Ontario 


We have conducted a visual examination of the east slope of the Rennie Street Landfill as 
requested. The site walk was conducted on March 23, 2000. We make the following comments 
concerning the stability of the fill slope: 


i) 


i) 


ii) 


The toe of the east slope of the Rennie Street Landfill coincides 
with the Redhill Creek. 


The slope is typically 10.0 to 11.5m high. 


The inclination of the slope varies significantly over the length and 
height of the landfill. The inclination of the upper portion varies 
from 30 to 40° to the horizontal and is steepest near the south limit 
of the land fill where it is on the outside of a meander in the creek. 
The lower portion of the slope has been oversteepened by creek 
erosion; the resultant inclination of this section of the slope ranges 
from near vertical SO to 60° to the horizontal. The height of the 
oversteepened lower section of the slope is 4 to 5 mat the south 
end of the landfill, reducing to about 1.5 m at the north end. 


An approximate 3 m high, 15 m wide “berm” currently exists 
adjacent to the crest of the landfill slope. 


The slope is typically vegetated with long grass, young trees and 
shrubs (primarily grass) in the south part. 


i) 


45 Burford Road, Hamilton, Ontario LSE 3C6 
Tel (905) 561-2231 Fax: (905) 561-6363 
E-mail’ ham@getomac cn ca 
BARRIE SGRANIPTON 3AAANLSON <IT WIENER “OAC NTO 


FetoMaclatum Lia. 


COO AS eo Tas 


P. Duever, March 29, 2000, P2 Q9SHFO04 


vi) 


Rubble consisting of large concrete slabs, asphaltic concrete, and 
the occasional steel bar in a silty sand/sandy silt matrix was 
observed on the face of the slope. It appears from exposures on 
the east slope of the creek valley that shale bedrock exists at the 
base of the creek. It is likely that this is a “skin” placed to retain 
the landfill material. 


Seepage emanating onto the face of the slope was observed at 
numerous locations 1.5 to 3.0 m above the toe of slope. The 
seepage zones are somewhat localized in the south half and 
almost continuous in the northern part of the landfill. 


No evidence of deep-seated movement affecting the overall slope 
was detected during the site walk. Evidence of relatively shallow 
slumping of the surficial soil over most of the slope height was 
noted at several locations. It appears to result from pedestrian 
traffic. 


The oversteepened section at the base of the slope appears to be 
regressing due to weathering effects, creek erosion and seepage 
onto the slope face. This distress is relatively shallow (50 to 

100 mm), results from surficial material spalling from the slope 
face and appears to be occurring at a relatively slow rate. 


A local approximate 20 m wide area of irregular topography was 
noted at the base of the slope, at the “drainage gulley” in the north 
central part of the landfill which could indicate possible previous 
instability. 


It appears from these site observations and our experience on similar projects that the future 
performance of the slope will primarily be governed by: 


the rate of regression of the lower part of the slope due to creek 
erosion. 


seepage that emanates on the slope face. 


the thickness of the rubble material on the face of the slope. 


The apparent heavy pedestrian traffic also contributes to degradation of the slope stability. 
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We believe that an adequate margin of safety against deep seated movement exists at present. 
However, the stability of the slope is likely to decrease with time due to continued undercutting 
of the base of the slope by the creek that causes the toe to regress and the height of the 
oversteepened section to increase. A major slide could occur if the rubble that is apparent on 
the slope face is “breached” by regression at the base of the slope. Consequently, it is strongly 
recommended that measures are implemented to: 


e prevent further regression of the toe of slope by creek erosion. 


° support the toe of slope to resist the destabilizing forces that could 
initiate instability. 


We trust this brief letter is sufficient and look forward to any questions you may have. 


Sincerely 


Dennis W. Kerr, M.Eng., P.Eng. 
Manager Geotechnical and 
Geo-Environmental Services 
Hamilton 


DWK:mma 


2 cc: Dillon Consulting Limited 
2 cc: Regional Municipality of Hamilton-Wentworth; G. Moore, Peng, 
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Stream Erosion Assessment 


Water Regime and Simulations Ltd. SF 


Ey P.O. BOX 28040, Parkdale Postal Outlet 
Waterloo, Ontario, Canada, N2L 6J8 
Phone: (519) 884-5816 

FAX: (519) 884-8851 


— , 4 WATER REGIME INVESTIGATIONS AND SIMULATIONS LTD. 


WATER REGIME 
InvestigaUons & Simulations Lid. 
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, 2000 


Patsy Deuver, 

M.M Dillion Ltd. 

1425 Bishop Street, 
Cambridge, Ontario, NIR 6J9 


Dear Patsy, 


Re: Red Hill Creek - Stream Erosion Assessment along the Rennie St. Landfill 
WRIS Project Reference Number: 99-001 


Water Regime Investigations and Simulations Ltd has been retained as a sub-consultant to Dillon Consulting 
for the City of Hamilton on issues related to stream bank erosion in the vicinity of the Rennie St. Landfill 
and related contaminant leachate concerns along Red Hill Creek. The information provide in this letter 
summarizes the historical characteristics of Red Hill Creek in the vicinity of the landfill, existing stream 
dynamics, and provides a summary of various potential options that may be considered as part of the 
remediation scheme for this area in the context of mitigating stream erosion. 


A morphometric analysis (time series air photo interpretation) was conducted on Red Hill Creek from the 
top of the escarpment down stream to discharge locations along Lake Ontario. Aerial photographs between 
the years of 1948 - 1993 were used to conduct this analysis. In addition, geological and survey maps (dating 
back to the 1800's) were also studied to provide further insight and interpretation into the historical state of 
Red Hill Creek. As can be interpreted from the existing mapping data, the reach of stream north (down 
stream) of the C.N.R. railway used to be estuarian environment with a broad flood plain and multiple 
threaded (braided) channels discharging at times to either Hamilton Harbor or Lake Ontario directly. As 
development ensued within the city and the Red Hill Creek valley, encroachment of the existing estuary 
(flood plain) increased to form a less sinuous and highly entrenched channel that exists today. 


A site inspection was conducted on April 11, 2000 to examine the causes of stream bank erosion along the 
aforementioned reach. The hydraulic characteristics of Red Hill Creek are somewhat different in the vicinity 
of the landfill, relative to further reaches upstream. Between Barton St. and the C.N.R. railway, the channel 
hydraulics of Red Hill Creek begin to experience the backwater effects of Lake Ontario water levels. Asa 
result, the sediment deposition characteristics and related grain sizes change. The mean particle (d.,) size 
changes decreases from a medium gravel (24mm) to medium - fine sand. Moreover, at discharges lower than 
bankfull, the mean channel velocity decreases, relative to up-stream reaches as the backwater effects begin 
to influence the channel hydraulics. 


Although there are apparent geo-technical issues related to slope stability along both banks of Red Hill Creek 
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down stream of the C.N.R., one of the dominant causes of stream bank erosion (particularly along the 
western stream bank where the Rennie St. and Brampton St. lanfill’s are located) is from channel 
incisesment. Essentially, incised channels are cross-sections which have vertical or nearly vertical stream 
banks. Therefore, as discharge increases, velocity proportionately increases and so too does near bank shear 
stress, the principle cause of stream bank erosion. Unlike streams with flood plains where once above the 
bankfull flow, the mean channel velocity decreases for a given series of flows, the velocity and related near 
bank shear stresses continue to rise in incised channels. This continued increase in shear velocity and shear 
stress causes a disproportionately high rate of bank erosion relative to upstream areas (where flood plains 
exist). It is without question that one of the principle causes of existing and continued stream bank erosion 
along this reach is from encroachment of the previous estuarian environment to the present cross-sectional 
form. 


If the current cross-sectional form of Red Hill Creek is maintained in perpetuity down stream of the C.N.R., 
it should be expected that stream bank erosion will continue for very long period of time (100's - 1000's of 
years). If the natural river processes are left unattended, the evolutionary trend of the creek in this area, 
through bank scour and deposition, will be to develop a flood plain (approximately 0.75 m above the existing 
water level) and somewhere typically between 3 - 10 times the existing width of the stream. Stream bank 
erosion will be most dominant on the outsides of bends where near bank shear stress is the highest. And, as 
observed from the site inspection on the above noted date, approximately 1/3 of the length of the Rennie St. 
landfill (and a similar length on the Brampton St. Landfill) abuts against the out side bend of the creek. 


An erosion analysis was also undertaken along the reach between CNR and Windermere basin. From a 
visual inspection and an erosion index inventory, the following erosion rates and sediment loadings to the 


creek were determined: 


Table 1 Existing erosion of Red Hill Creek down stream of CNR. 


Existing centre line along proposed works 609m 
Existing erosion rates along stream Very Low Low Medium High Very High 
Linear Distance (m) 260 380 346 232 0 
Percent of netcreek length 21% 31% 28% 19% 0% 
Calibrated Erosion rate (m/year) 0.01 0.03 0.145 0.35 0.83 
Mean Bank elevations (m) 0.85 0.85 1e5 2 3 
Material Density (kg/m’3) 1920 1920 1920 1920 1920 
Annual Sediment Loading to Creek 4243.2 186048 144489.6 311808 0) 


The annual cumulative sediment loading to Red Hill Creek along this reach from Table | is approximately 
479,000 kg. For a watercourse of this encisement and proximity within the watershed, this yearly loading 
is typical (bing in the same order of magnitude) of other streams studied in southern Ontario. 


Several remediation strategies are available to mitigate stream bank erosion and are all a function of 
construction cost, life expectancy, maintenance and, potential for fish habitat. The following is a summary 
of various options: 


i) In-place bank lining - this approach uses either gabion baskets, armour stone or a similar 
construction material to build a vertical (or stable profile) wall along the outer bank of the 
existing stream foot print in the areas of concern to mitigate stream bank erosion. Typically, 
the life expectancy of these structures is between 10 - 40 years. However, because of the 
backwater effects and the increased susceptibility to form anchor ice along the emplaced 
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11) 


111) 
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material, the life expectancy of these structures may be reduced by as much as a factor of 
two. 


This scenario requires the excavation of material along the toe and behind the proposed 
structure to construct the wall up to a required elevation to produce a stable cross-sectional 
profile (i.e. excavation of landfill material). These structures provide minimal energy 
dissipation which result in the transfer of stream energy to further down stream areas. 
Typically, this results in higher rates of erosion and sediment loading to the stream beyond 
the limits of the construction. Moreover, the construction of a vertical wall only exacerbates 
the process of stream channel erosion by increasing the entrenchment of the channel. This 
usually results in increased stream bank erosion on the opposite bank of the channel and 
increases the rates of head cutting along the bed of the stream. As a result, the toe of 
structures are often undermined decreasing the life expectancy of the structures. 


This scenario also destroys fish habitat along the banks of the stream and eliminates tree 
cover on the associated bank (although re-vegetation of the banks would take place). There 
is minimal] variation in the longitudinal profile (i.e. absence of pools and riffles) using this 
construction method and hence very little change in hydraulic conditions which may 
generate turbulent flow and increase local aeration of the stream. 


this option is similar to the above option with the exception that it moves the bank lining 
approximately | - 3m to the east into the existing channel to mitigate localized stream bank 
erosion. The retaining wall is constructed to a stable slope however the net width of the 
stream is decreased. This option would likely reduce construction costs since the landfill 
material to be excavated and disposed of would be minimized. However, this scenario 
further decreases the width of the stream (increasing channel incision) and increases near 
bank shear stress. As a result, the opposite bank of the stream will likely begin to erode at 
a significantly higher rate to compensate for the works on th outside of the bend. Moreover, 
similar to option (1), dissipation of stream energy through the bank remediation area would 
be reduced leading to increased rates of bank erosion in down stream areas. The life 
expectancy would be similar to that of option (i) and may be shorter since the entrenchment 
of the stream would be increased further. 


The construction of a retaining wall would also be a destruction of fish habitat and there 
would be an approximate 20% complete loss in habitat through this reach. Moreover, all 
of the vegetation on the western bank of the stream would be lost through the construction 
(although re-vegetation of the banks would take place). 


a third option 1s to line the entire channel with concrete. This would eliminate all concerns 
with respect to bank erosion, however, this would be a complete destruction of fish habitat. 
However, because this section of the stream is within the backwater hydraulics of Lake 
Ontario, it is a natural deposition zone. Therefore, regardless of what the lining of the 
channel would be, substrate would continue to be deposited in this area and cover up the 
lining. Thus over time, habitat would be restored within the bed of the stream and the 
habitat would be re-established. However, any groundwater linkages to the stream would 
be lost. 


Page -3- 
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Renme St Landfill 


The capital cost of this option would be very high, relative to the other alternatives. 
Moreover, landfill material would still have to be excavated along the western limit of the 
stream and disposed of. Also, vegetation would be lost on both banks of the stream and up 
to the top of the bank on the side of the Rennie St. landfill. Also this approach would be in 
contradiction to the Red Hill Creek watershed plan [1998] which advocates the reduction 
of concrete within the watercourses. 


another option is to emulate (although limit) the natural tendencies of the river. For encised 
channels to be recovered to a stable cross-sectional profile in perpetuity, a stable cross- 
sectional profile must be developed. This is often done by filling in the existing channel to 
an elevation whereby the cross-sectional profile can be obtained. However, in the case of 
the study area (being at the bottom end of the watershed), this approach is not possible. The 
other typical endpoint is the excavation of the existing fill and / or bank material down to 
the existing bankfull channel elevation to produce a stable cross-sectional profile. 


Currently, Red Hill Creek in the vicinity of the Rennie St. landfill has a bankfull width of 
16.5m, with a small intermittent flood plain ranging between 2m - 5m. (i.e. net valley bottom 
width of 18.5-21.5m). Under a flood plain excavation scenario, the bankfull width of the 
channel could be reduced to 13.4m, however a net32m wide flood plain is required (as 
sketched in Figure 1). This would require approximately 12m - 15m of excavation at the 
base valley elevation (plus accounting for stable side slopes) to produce a stable cross- 
sectional profile. 


The meander pattern of the stream could be shifted approximately 5m-10m to the east such 
that a flood plain bench could be created along the western bank of the stream and a stable 
2.5:1 slope along the landfill. Moreover, along the western bank of the newly constructed 
flood plain bench, rock veins (see the attached schematic as Figure 2) could be installed to 
mitigate near bank shear stress and eliminate bank erosion. These structures have been used 
very effectively along the outsides of bends to mitigate erosion on various stream gradients 
and geological media. This construction approach would eliminate the need for the 
excavation of landfill material. Moreover, these structures provide a diversity in hydraulic 
conditions an changes in stream bed elevations which increase the local mynd of fisheries 
habitat states, hydraulic conditions (increased aeration) relative to the existing conditions. 


However, to achieve this stable cross-sectional profile, as mentioned above, approximately 
12m - 15m of flood plain will have to be developed on the east side of the existing channel 
from just down stream of the C.N.R. to a minimum of down stream of the Rennie St. 
Landfill. From the preliminary overview of data and land use, it is uncertain with respect 
to land ownership if this scenario is possible. 


Although this scenario would provide a long term solution to maintain creek stability and 
is typically the lowest capital cost and long-term maintenance cost of all of the scenario 
mentioned, there would be a complete removal of all tress within the existing valley to 
achieve the stable profile. Although, re-forestation would occur to provide soil and stream 
bank stability, increase shading of the stream and aesthetic value, the re-growth would take 
several years until local thermal refuge would be possible within the stream. 
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Based upon a preliminary natural channel design (see Table 2 for design parameters) of the 
channel within the area of concern; which also includes a portion of the down-stream area 
to ensure that down-stream erosion is mitigated, the following results were obtained: 


A net bankfull centre line stream length of 598m would be constructed. The present 
bankfull centre line length is 609m. Therefore, there would be a net channel length 
reduction of 2%. 


Eight rock veins (Figure 2) and one cross vein (Figure 3) would be constructed along the 
channel length to mitigate near bank shear stress on the outsides of bends. Moreover, the 
construction of these structures would provide a greater diversity in hydraulic and habitat 
niches relative to the existing stream. 


Based upon measured values of stream bank erosion from in-stream structures, a near bank 
shear stress analysis and sediment loading analysis, the net yearly sediment loading to the 
stream would be significantly reduced to approximately 1000 kg/year. This would be of 
significant benefit to Windermere basin, compared to current 479,000 kg/year, reducing the 
rate of in-filling of the wetland and reducing the frequency of dredging. This solution would 
also be consistent with the Red Hill Creek watershed plan [1998], where the document 
identified that long-term reductions in sediment loading to Windermere Basin was 
watershed goal. 


The alternatives that we have outlined summarize a variety of approaches that I have been involved with and 
aware of for bank remediation. After you have had the opportunity to review this summary and combine it 
with other information relevant to this issue I will be more than happy to provide you with any further 
assistance you require. Please note, however, this assessment was based upon a very preliminary site 
inspection. If any of the above works are considered further in the future, additional works may be required 
to formulate a complete interpretation, plan and design. 


If you have any further questions about this project or other matters please feel free to contact me at any time. 


Rennie St Landfill 


Sincgrely, 


(27/ 


Bill Annable M.Sc. (Eng), M.Sc., B.E.S., B.Sc. 
WRIS 
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Purpose: 
Placement 
Erosion Rates: 
Physical Method: 


Vegetative control: 


ater 


Longitudinal Profile View 
FLOW} __Bankfull Sta 


Cross-sectional 
Profile View 


Bankfull Stage 


Reduce / offset erosion on ouside ot bends 
Outside of bends, 1/4 channel width down stream of tangent to mean flow direction 
Monmored erosion rates <0.01m/year - typically immeasurable 
Reduciton of near bank shear stress by local reversal in water surface profile gradient and momentum 
transfer to central portion of channel 
Placement of sod mats and/or shrubs on ouside of bank. Preferably inhiitory species to minimize 
pedestrian or grazing traffic. 
Quiescent water up-stream of structure with a high vanability in flows (low and high flow) over the 
structure. Pool depths down-stream range between 2-4 bankfull depths. 

Re = 50 through 2000+ 

Sub-cnitical through super cnitical flow 


Rennie St Landfill 


Copyright W.K. Annable, 1999 


Figure 2. Rock vein structure schematic 
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CROSS VEIN 


Plan View Longitudinal Profile View 


B 
Backfill to ankfull Stage 


slope of rock 


FLOW 


% rock ae 
‘0 


Spacing Dbf 
for middle 


section 


Or Plantings 


: Grade control and enhancement of sediment routing 
Placement Top end of niffles an / or 1/2 channel width up-stream of bridge structures 
Erosion Rates: Monitored erosion rates <0.01m/year - typically immeasurable 
Physical Method: Convergence of flow towards central portion of channel. Energy momentum transfer through local 
near bank reversal in gradient towards central portion of channel 
Vegetative control: Placement of sod mats on both banks. Added rooting mass stability can be achieved by the use of 
shrub and / or sedge species. 
Fish Habitat Quiescent water up-stream along banks. Large distribution in velocites over structures with down 
stream pool depths ranging between 1.5 - 3 bankfull depths.range between 2-4 bankfull depths. 
Reyndlds Narter Range Re = 50 through 4000+ 
Froude Nuarber Rarge Sub-cntical through super critical flow 
Copyright W.K. Annable, 1999 


Figure 3 Cross vein structure schematic 
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Table 2 Detailed design parameters of Red Hill Creek down stream of 


Discharge (m*3/s) 16 
LZ, 
12.80 
14.0 
L.4 
0.96 
ilps) 
Lowest Max 
Bankfull channel slope 0.00020 0.00050 
Largest Point Bar Particle (Figure +1) (mm) 50 75 
Caical Shear (Ib/ft*2) From Figure 40 0.028 0.028 
Critical Depth (m) 4.72 6.42 
Shear Stress (lb/ft*2) 0.096 0.106 
Radius of Curvature (m) Low 
Typical Range as a function of bankfull width 
Typical radii of curvarure from width range (m) 33 
From Annable [1995b] - Existing Conditions (m) 78) 
Radius of Curvature [Annable, 1996] 33 
DETAILED DESIGN RANGE = 29 
Meander Wave Length (m) Low 
% Typical Range as a function of bankfull width 10 


Typical meander wave length from width range (m) 

From Annable [1995b] - Existing Conditions (m) 

Meander Wave Length (m) Annable [1996] (m) 
DETAILED DESIGN RANGE 


Meander Apmplitude (m) Low 

Typical Range as a function of bankfull width 

Typical meander amplitude from width range (m) 33 

From Annable [19956] - Exasung Conditions (m) 30 

From Annable [1996] (m) 27 
DETAILED DESIGN RANGE 30 


Pool Slope (m/m) Low Mean High 
Typical range as a function of bankfull slope 0.18 0.20 0.22 
DETAILED DESIGN RANGE 0.00004 0.00004 0.00004 


Pool Depth (m) Low High 
Typical range as a function of bankfull depth 2.50 3.50 
Pool Depth from the range related to bankfull depth 239 : 335 
Exasung Condinons 0.95 2.80 

DETAILED DESIGN RANGE 2.39 Shek) 
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Table 2 Cont.. - Detailed design parameters of Red Hill Creek down 
stream of CNR 


Pool Width (m) 
Typical range as a function of bankfull width 
Existing Conditions 
DETAILED DESIGN RANGE 


150 1.75 2.00 
Riffle slope as a function of bankfull slope range 0.00030 0.00035 0.00040 
Riffle Slope (m/m) - Annable [1996] 0.00058 0.00063 0.00068 


From Annable [1995b] - Existing Conditions (m) 0.00100 0.00440 0.00680 
DETAILED DESIGN RANGE 0.00044 0.00049 0.00054 


Riffle max depth (m) Low 
Typical range as a function of bankfull depth 
Typical max. riffle depth from bankfull depth 
Exisung Conditions 
DETAILED DESIGN RANGE 


DETAILED DESIGN RANGE 


Run Slope (m/m) 

Typcial slope range as a function of bankfull slope 0.60 0.70 0.80 

Run slope as a function of bankfull slope range 0.00012 0.00014 0.00016 
DETAILED DESIGN RANGE 0.00012 0.00014 0.00016 


Run Depth (m) Low Mean 

Typical range as a function of bankfull depth 

Typical run depth from bankfull depth range 1.8 2.0 
DETAILED DESIGN RANGE L8 Ae) 


Glide Slope (m/m) Low Mean 

Typical range as a function of bankfull slope 0.30 0.40 0.50 

Typical glide slope from bankfull slope range 0.00006 0.00008 0.00010 
DETAILED DESIGN RANGE 0.00006 0.00008 0.00010 


Glide depth (m) Low Mean 
Typical range as a function of bankfull depth 
Typical glide depth from bankfull depth range 

DETAILED DESIGN RANGE 


Glide width (m) 
Typical range as a function of bankfull width 
Glide width from bankfull width range 
DETAILED DESIGN RANGE 
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APPENDIX I 


Silt Fence and Boom ees 
Inspection / Maintenance Program a —A 


SILT FENCE AND BOOM INSPECTION/MAINTENANCE PROGRAM 
FORMER RENNIE STREET LANDFILL 


LOCATION: 


Silt fences and absorbent booms along the west side of the Red Hill Creek between the CN Rail 
Embankment and the Brampton Street Foot bridge are to be visually inspected by walking along the 
west bank of the creek. 


INSPECTION: 


The Contractor is to provide personnel that have been trained to work at COntaminated sites, have 
been informed of the known hazards associated with this site and who have the appropnate protective 
equipment. 


Silt Fence 


The inspector is to identify areas where the existing silt fence is damaged, bottom is not buried, or 
has been destroyed. If the damage is minor (stake knocked Over, staple pulled loose or small area 
of soil washed out) the inspector is to replace stake, restaple, or rebury bottom of fence, as necessary. 
The inspector is to carry: 


° stakes 

° hammer 

° shovel 

° camera that records date and time 

e appropriate personal safety equipment 
° staple gun. 


If areas of the fence are more extensively damaged or destroyed, the inspector is to record the 
damage, take a picture that clearly shows the “seep number” and complete the inspection 


Absorbent Booms 


Absorbent booms are to be visually inspected in conjunction with the silt fence inspection Booms 
that have been moved or disturbed are to be replaced or relocated as required by the inspector 


Absorbent booms that have been removed, damaged or are saturated are to be replaced. Saturation 
can be identified when the liquid downstream of the boom contains an oily sheen. Waste booms are 
to be stored in appropriately marked steel drums on-site in the drum storage area. 
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New Seeps 


If the inspector observes any previously unidentified seeps, they should be staked and numbered 
and a plan for installation of a silt fence and absorbent booms identified. 


REPORTING: 


A daily log sheet (attached) is to be completed by the inspector. Identification of new seeps and 
major repairs, and documentation of minor repairs are to be included on the log sheet. Repairs are 
to be identified by seep number, which is marked on a stake adjacent to the seep. The Daily Logs 
are to be faxed to Peter Dunn (fax # 905-546-4473) on the day of the inspection. 


If new seeps are observed or major repairs are required, the inspector is to complete a “work 
request” form (attached) and telephone the following people, in order, until contact 1s made: 


be Peter Dunn, Director of Waste Management 

Region of Hamilton-Wentworth 

35 King Street East, Main Floor 

Hamilton, ON 

L8N 4A9 

Tel: 905-546-4409 (office) 
905-973-4264 (cellular) 
905-627-9509 (residence) 

Fax 905-546-4473 


ai Reg Meiers 
City of Hamilton. 
71 Main Street West, 
City Hall, Department of Public Works 
Hamilton, ON 
L8P 4Y5 
Tel: 905-546-4297 (office) 
905-985-7148 (residence) 
Fax: 905-546-3972 


Patsy Duever 

Dillon Consulting Limited 

1425 Bishop Street 

Cambridge, ON 

NIR 6J9 

Tel: 519-623-6761 (office) 
519-577-4322 (cellular) 
519-747-0403 (residence) 

Fax: 519-623-8805 


13) 
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Once contact is made, instructions will be provided on where to fax the work request form for 
approval. Authorization for the contractor to proceed with the work will be by signing and 
retuming, by fax, the work request form. If faxing is not possible, authorization can be verbal with 
the fax to be returned to the contractor as soon as possible. Copies of all work request forms will 
be faxed to Peter Dunn for filing. 


Once the work request has been authorized, the contractor is to mobilize the necessary labour, 
materials and equipment to complete the work on the same day. In the event that weather conditions 
make the work unsafe to complete, the contractor is to complete the work as soon as conditions 
permit the safe execution of the work. Upon completion of the work, a photo of the repaired area 
is to be taken and the contractor’s copy of the work request form is to be completed indicating time 
and date of completion of the work. The completed form is to be faxed to Peter Dunn and Dillon. 


Photographs are to be developed in duplicate and accurately labeled. One set of photographs are to 
be filed with the daily log sheets and work request forms in the contractor’s office. The second set 
of photographs are to be similarly labeled and sent to Dillon on a monthly basis. 


FREQUENCY OF MONITORING: 


The Contractor’s inspector is to complete the visual inspection of the silt fence and absorbent booms 
daily, seven days per week, prior to 9 AM. The frequency of monitoring may change depending 
upon conditions at the site. All changes in schedule will be provided, in writing, to the contractor. 


ee ee 
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DAILY LOG 
SILT FENCE AND BOOM INSPECTION/MAINTENANCE PROGRAM 
RENNIE STREET LANDFILL, HAMILTON, ONTARIO 
Date Time Start Time Complete 


Temperature Weather 


General Condition of Silt Fences and Absorbent Booms. 


Areas requiring minor repairs (describe). 


Have new seeps been identified? Yes No 


If yes, desenbe, 


Are Major Repairs Required? mes No 


If new seeps have been observed, or major repairs are required, fill out “work request” and 
forward for authorization. 


Signature of Inspector 


Dillon Consulting Limited ae. 
March 13, 2000 


WORK REQUEST FORM 
SILT FENCE AND BOOM INSPECTION/MAINTENANCE PROGRAM 
RENNIE STREET LANDFILL, HAMILTON, ONTARIO 


Date 


Time 


Inspector 
Contractor 


This form is to be used to identify major repairs to the silt fences and absorbent booms along the 
west side of the Red Hill Creek. 


Silt Fence Repairs (describe nature and extent and reference to seep #). 


An FY YN 


Absorbent Boom Repair and Replacement (describe reason for replacement and reference seep #). 


& Lb WO re 


DN 


Inspector’s Signature 
Authorization (Print Name) 


(Sign Name) 


COMPLETION 


Date 


Time 


Inspector’s Signature 
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APPENDIX J 


Display Boards for June 1, 2000 
Public Information Session ——_ 
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